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PREFATORY NOTE 



This Guide has been prepared for use with Gilbert and 
Brigham's Introduction to Physical Geography, of the 
Twentieth Century Series, and is therefore made parallel 
in arrangement with the chapters and sections of that vol- 
ume. Most of the laboratory exercises and supplementary 
suggestions are, however, equally available for use with 

other school texts. 

The Authors. 
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TEACHERS^ GUIDE 
IN PHYSICAL GEOGRAPHY 



THE EQUIPMENT OF THE TEACHER 

The usefulness of Physical Geography iii our schools 
will depend upon the knowledge and skill of the teacher. 
No material equipment can be a substitute for teachers 
who know geography and teach it with contagious interest. 
Many teachers have attained this kind of knowledge and 
power. Others are couBcions of their deficiencies^ and it 
is chiefly to aid such that this guide is prepared. 

Those who teach only geography and geology are free 
to gain suitable preparation. But such teachei^ are few. 
Many must, as the case now stands, give the most of their 
time to their classes in physics and chemistry in schools 
where geography is little appreciated and few facilities 
are offered for instruction. For such, attainments in 
geogi^aphy must be gradual, but are always possible. Let 
the teacher take up at once some phase of geography for 
concrete, first-hand study. The locality will often decide 
what this shall be. In New England or New York the 
glacial formations offer an exhaustleas theme. On the 
ocean border the shore line is a natural choice, and the 
teacher may purchase Sea and Land (by X, S. Shaler), 
and after a few excursions and some reading find himself 
in the heart of our science. 

If the teacher i;^ in the oil country, as at Bradford, 
or Oil Citjj Pa., he finds there a subject in ^K\\Qfe.WT:eas:^ 
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become, in some souse, au expert, and he will be surprised 
at the breadth of the geographic conceptions into which a 
Hingle subject will lead him. Thus the oil will compel him 
to consider the rocks pierced by the borings and the origin 
of the oil, thus carrying him both into geology and chem- 
istry. On the other hand, he finds a great range of me- 
elmnical contrivance, problems of transportation, distribu- 
tion and use, introducing him to the broad fields of com- 
mercial geography. 

The same results will appear if he devotes himself to 
a knowledge of the salt of New York, the coal of the 
MiHsissippi Valley, the arid regions of the West, with their 
great and fresh irrigation problems, or to the forests of 
the United States, with the questions of forestry and the 
development of forest reservations. 

Pursuing such a course, which is feasible for the busiest 
teacher, teaching will be enriched in one geographic field 
and vitalized in all. We advise, then, as the first object 
of the teacher of geography, a first-hand acquaintance, 
both in the literature and in the field, with some great 
geographic theme. Progress will then be easy and inevi- 
table. 

With such work will come the beginnings of a library. 
They need not be expensive. The Journal of Geography 
(see general references, p. 9) is advised for all, as being 
the one geographic periodical in America which takes 
special account of the needs of teachers. A few of the 
best modern text-books should be always at hand for com- 
parison and for fresh illustration of particular topics. 
It is well also to secure any Government and State re- 
ports which deal with the home State or district. Sug- 
gestions for obtaining the last are given on p. 9. 

A surprising amount of geographic material will be 
found, by watchful teachers, in daily papers and the vari- 
ous journals. Thus, within a day of this writing has ap- 
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pea red notice of a destructive eand-storm in California, 
and for weelcB the volcanic disturbances of tiit^ West In- 
dies have been friLitful Bubjects of discussion. 

Working along the lines already suggested, tlie teacher 
wiH find himself coming into acquaintance and corre- 
spondence with fellow workers in the same field. Here 
we note the American Association for the Advancement 
of Science, the Science Department of the jSTational Edn- 
cational Assoeiationj and the more limited but more reg- 
ularly acce&aible local organ izat ions, such as the New York 
State Science Teachers' Association- In like manner 
teachers may count upon courteous assistance m applying 
to teachers of geography and geology in the colleges and 
universities. Such help i? especially attainable through 
summer courses of instrnction, now given regularly by a 
number of the larger universities, cither at the university 
or in extended field trips. Attention is here called to a 
review of summer courses offered in geography in 1902, 
found in The jQumal of Qeography for May^ 190S. Sim- 
ilar courses may be expected each year. 

THE EQUIPMENT OF THE SCHOOL 

Only general suggestions are given at this point. Spe- 
cific advice as to the maps, etc., needed in the various 
subjeets and the apparatus essential to work on the at- 
mosphere will be given by chapters. Teachers should con- 
sult Equipment of a Geographicul Lahoratory, by W. M, 
Davis, Joiirmd of {School Geography, voh ii, Ma\\ 1898, 
pp, lTO-181, where a diagram is shown of a lecture- room 
and laboratory combined. 

Occasionally the resources available will admit of 
early and ample equipment. Mo^t commonly the funds 
are limited, and careful selection and ingenuity on the 
part of the teacher must atone for the deficiency. What- 
ever the I'estriction, purchase only the beat TOa:^^,^«\.cA^^^ 
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and instruments, even though accessions be infrequent. 
Effective use of good appliances will best show the need 
of more equipment, and principals and members of school- 
boards will be convinced that geography must have its 
quota of appliances if it is to be taught in a truly scien- 
tific manner. It is one object of this guide to show that 
much good work may be done with a modest outfit. 

Lantern and Views 

A projecting lantern will belong to all the better high 
schools. The geographical lecture-room will be the nat- 
ural place for it, even though the same lantern may be 
used somewhat by other departments. An electric lantern 
is by all means the best where the currents are available 
in the day hours. Besides the easier handling, ventilation 
can be had, and light enough can be admitted to allow 
note-taking to proceed. The acquirement of good slides 
is not easy. As a rule slides should not be ordered with- 
out being seen and selected by the teacher. Catalogues 
of slides selected for geographic teaching are furnished by 
Edwin E. Howell, 612 Seventeenth Street, N. W., Wash- 
ington, D. C, and by T. H. McAllister, 49 Nassau Street, 
New York. Many colleges and schools now have con- 
siderable collections of geographic slides, and in some 
cases, at least, duplicates can be secured through inquiry 
addressed to teachers of geography and geology in such 
schools. Specific directions can hardly be given, and 
progress should be made carefully even at the cost of 
delay. 

Similar is the case with photographs. Many of the 
best photographs have been reproduced in text-books, and 
are thus available. Where classes are large, duplicate 
copies of the principal texts should be provided by the 
school for class and laboratory use. Mr. William H. Ran, 
of Philadelphia, issues a large catalogue of American 
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and foreign photograptiis and aiideSj with sizes and prices. 
Other dealers are the W, H. Jackson Photograph Com- 
pany, of Denver ; the Sonle Photograph Companyj of Bog- 
ton; and Hegger, Fifth Avenuej New York. But the 
most useful views may often be obtained from local dealers 
and photographers^ and from teachers of geography. 
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Models 

The best or none, should be the rule. Teachers should 
refrain from advising the purchase of models sold by 
school-supply firms unless well satisfied of their value. 
They are often so incorrect in expression, particularly in 
exaggeration of slopes and altitudes^ as to be harmful 
rather than useful. A large number of the best models 
are made by Mr. Howell, already named. Some of the 
leas expensive and most generally useful of these will be 
named in later pages^ as well as models from other sources, 
Mr. Howell sells five models of the contiuents, in a set, 
for $150. A good globe is the most generally useful of 
all models and should be regarded as indispensable. 

Maps 

These are the most important part of the apparatus 
for the teaching of geography- As compared with other 
nations;, our own Governmeut uses a most liberal policy 
in the distribution of its scientific publications. Hence 
Government maps can enmmonly be secured at a nominal 
expense, which barely covers their cost. Most important 
of these are the atlas sheets, now available to the teacher 
for many parts of the Fnited States. Sample parts of 
some of these are given in the text-book. See especially 
Sec. 13 and Fig, 11, Address The Director, United States 
Oeol apical Survey, Wafihinfrtnn, D. C The sheets are 
sold in small uumbers at 5 ceivU eae\v^ WV m\^\% ^\. V^ 
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or more at 2 cents each. Remit only by post-office money- 
order, made payable to Director United States Geological 
Survey, If in doubt as to whether maps of a given region 
have been prepared, address the director for information. 
As to selection of these maps, suggestions will be given 
by chapters, and a useful guide is found also in Use of 
Governmental Maps in Schools, by Davis, King, and Col- 
lie, published by Henry Holt & Co., New York, 30 cents. 
This pamphlet also tells about the maps of the Mississippi 
River Commission, the United States Lake Survey, and 
the United States Coast Survey. 

The atlas sheets can conveniently be mounted on cloth 
or cardboard, and rendered durable for class use. Others, 
not mounted, can be kept in cardboard or heavy paper 
folios. The latter may be labeled on the outside and kept 
in trays or drawers, accessible at all times for lectures and 
laboratory exercises. All the sheets from one's own State 
and the more typical and instructive sheets from other 
States should be in every high-school collection. A group 
of adjacent sheets make a useful wall map of certain 
larger areas, as of the Finger Lake Regions of New York, 
the eastern coast line of Massachusetts north and south 
of Boston, or the mountain region of Pennsylvania. 

Several maps of small scale, but covering large areas, 
are indispensable. The Three-Sheet Map of the United 
States should be ordered from the Geological Survey, 
price 60 cents. The scale is about forty miles to an inch, 
and it shows the drainage in blue, and the relief in brown 
contour lines. Kiepert's or other good maps of all the 
continents should be included. The teacher will watch 
for good maps from all sources. Thus the National Geo- 
graphic Society can furnish several in connection with 
special numbers of its magazine, as of Alaska and the 
submarine cable lines of the world. Davis, King, and 
Collie should be consulted for many other suggestions. 



EQUIPMENT OF THE SCHOOL 



Specimens 

A iew common minerals and rocks should be secured. 
Any com m on ores, building stoncSj plastic claysj mineral 
paintSj crude petroleunij abrasives^ as honestone or corun- 
dum (emery), will be usefuh On the collectionj purchase 
and arrange meat of such material the teacher ia referred 
to Suggestions to Teachers^ accompanying Brigham's Text- 
Book of Geologg, pp. 4-6. WoodSj seeds, fibers^ and other 
vegetable materials are useful^ and similar directions 
might be given for their acquirement and care. 

Books aj^u Othee Matekial 
BookB and papers are in high degree essential. A list 
of important titles is given below and special references 
appear by chaptcrB. Outside of any bibliography that can 
here be given the teachers will find much in works of 
travel, works on various phases of human culturej and 
even in more general literature. A geographical drawer 
nr scrap-book may be kept for clippings that would be 
useful in the class. Very useful pictures alao can he 
found in the circulars and guide-books issued by railway 
and eteamship lines j and in the various periodicals. These 
are often quite as vivid and useful in teaching as costly 
photographs- They can be mounted^ laheledj and classi- 
fied for permanent use. 

Genehal Heferences 

BIfimeniartf Phgskal Geography antl Frr,-?^ Booh of Fhifs- 

ival Gi'ographg. Tarr. Macmillan. 
Phgslcal Geographg and Elementary Fkysieal Geography, 

Davis. Ginn & Co. 
Lessons in Physical Geography. Dr^^er. American Book 

Co. 
Text-Bofjk of Geology. Brifrham. And aecompanyinof 

Suggesiions to Teachera. D. Applet on and Company, 
Iniroduciion to Geology. Scott. Macmillau. 
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Elementary Oeology, Tarr. Macmillan. 

TexUBook of Oeology, Dana. Revised by Bice. Amer- 
ican Book Co. 

The larger manuals of Geology. By Le Conte, Dana^ and 
Geikie. 
(Not all the above books are needed. The teacher will 

find it useful to have at hand Tarr, Davis, and Dryer's 

Geographies, for parallel treatment, and at least one of 

the geological texts.) 

The International Geography. H. R. Mill, Editor. D. 
Appleton and Company. The best single volume for 
modern treatment of regional geography. 

Physiography of the United States, Various authors. 
Not a complete account, as the title implies, but a 
useful series of ten monographs on special regions. 
American Book Co. 

Stanford's Compendium of Geography, Volume on United 
States. Gannett. Edward Stanford. 

North America, in Descriptive Geographical Series, F. 
D. and A. J. Herbertson. A. & C. Black, London. 
A valuable compilation of extracts on many phases of 
American geography. 

North America, In Tarr and McMurry Series. Mac- 
millan. 

Geographical Reader, Dodge. Longmans, Green &• Co, 
Modern treatment of the more important topics in 
Physical Geography. 

The Use of Governmental Maps in Schools, Davis, King, 
and Collie. Henry Holt & Co. 30 cents. Useful 
guide for every teacher in selection and purchase of 
maps. 

Physical Geography of New York, R. S. Tarr. Mac- 
millan. 

Studies in Indiana Geography, C. R. Dryer. Inland Pub- 
lishing Co., Terre Haute. 

Physiography of Missouri. C. F. Marbut. Geological 
Survey of Missouri, vol. x. 

Physical Geography of New Jersey, R. D. Salisbury. 
Final Report of Geological Survey of New Jersey, 
vol. iv. With map. 

Geological Guide-Book to the Rocky Mountains, By sev- 
eral geologists. John Wiley & Sons. 
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Scenery of Scotland. A, Geikie. Third edition. 
Scenery of England, Lord AveLury, Macinillan, 
Earth Sculpt ure. J. Geikie. Putnam. 
United States of America. N. S. Shaler. 2 yoIs, D, 

ApplL'ton and Company. 
A Geographical Reader. James Johonnot, American 

Book Co, 
Topographic Alias of the United Siaiei^, Physiographic 
Types. H. (jannett. Folios i and ii^ 25 cents each- 
Pkysical Geography of the Texas Region. R. T, Hill, 
Folio iii of same series, 50 cents. All very important, 
and needed in several laboratory exercises. Published 
by United States Geological Survey. 
{Tiie United States Geological Sur\'^ey publishes, and 
sends free of charge, a catalogue of all books and maps 
issued. Requests for this catalogue and all other com- 
nnmieations and remittances shonld be addressed to the 
Directorj United States Geological Survey , Washington, 
D. C, Remit only by United States post-office money 
order, no matter how small the amount. Maps^ folios, 
and monographs are soldj as per prices in catalogue. An- 
nual reports and bulletins are given away, bnt application 
must be made to the Congressman of your own district.) 
The Journal of Geography. Dodge, Goode, and LehnertSj 
Editors. Monthly, continuing the Journal of School 
Geography and the B idle tin American Bureau of Geog* 
raphy. Specially devoted to the interests of teachers. 
National Geographic Magazine. Monthly. By the Na* 

tional Geographic Society, Washington. 
B idle tin of the American Geographical Society. Five 

numbers a year. New York. 
Science. Weekly. New York. Free to members of the 
American Association for the Advancement of Sci- 
ence. 

The following eight articles are in the Journal of 
School Geography, as indicated: 
Lahoratonf Work in Elementary Physiography. Cornish* 

Vol. i,^ 172 and 204, 
The Eqidpmeni of a Geographical Laboratory , Davis, 

Vol. ii, 170. 
The Better Boolcs in School Geography. Piatt, Vol, ii^ 
18L 
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Preliminary Report of Committee (National Education- 
al Association) on Physical Geography, Vol. ii, 248. 

Some Suggestions for Excursions with Elementary 
Classes. Emerson. Vol. iii, 287. 

Geological Laboratory Work in Worcester Academy. 
Snyder. Vol. iii, 368. 

Exercises on United States Topographical Maps. Blount. 
Vol. V, 128. 

LABORATORY WORK 

This heading is used to include not only indoor exer- 
cises, with apparatus, etc., but field work, or excursions 
for outdoor study. The proportions of indoor and outside 
study will depend on the equipmejit and the locality. Prac- 
tical exercises should not be omitted because the ideal 
can not be at once attained. If few maps and other mate-* 
rials are at hand and regular laboratory hours are im- 
practicable, begin with occasional short exercises as part 
of regular recitation periods, and watch for opportunities 
to make a few half -day excursions during the year. 
Streams, gorges, quarries, gravel-beds, and other instruc- 
tive natural features will be at hand. Let the teacher 
have no anxiety as to correct methods of field teaching, 
but learn as much as possible about his neighborhood, and 
impart his knowledge and interest as best he may. Mis- 
takes will be made, but they will be corrected by experi- 
ence, and effective methods will develop. Have the pupils 
find out as much as they can, then talk over what has 
been seen, correct their mistakes, supply omissions, and 
have them record what they see in note-books. Refer to 
the excursions, in the class-room, where some points can 
be brought out more fully with map and blackboard, and 
the relations will be better understood, since time will 
have been had for reflection. The text will be saved from 
bookish unreality and the way prepared for better first- 
hand observations during future excursions. Great care 
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BhoTild be used in all arrangements for excnrsions, as to 
coat if transportation is involvedj and as to safety if 
danger ons places are visited. One teacher shonid not try 
to handle a large class ^ and what may seem iinnecefisary 
caution should be taken^ for the venturesome and unwary 
who will be fo^nd in every large class. Field teaching is 
labor ions J but fruitful. 

Certain of the recitation periods may be set apart for 
practical work. If possible ^ two consecutive periods will 
give better results than single periods in different days. 

Outlines of field-work for several large centers will be 
found in Suggestions io Teachers accompanying Brig- 
lianis Text-Booh of G&ology. Many of these are equally 
useful for geography. The cities named are Boston, Prov- 
idence, Springfield J New York, Albany and Troy, Buffalo, 
Pluladelphiaj Pitts burg, Baltimore, Louisville, Cincinnati, 
Cleveland, Indianapolis, Detroit, ChicagOj Milwaukee, 
Minneapolis, and St. Paul, i 

Relation of the Study to the School Course 1 

The text is primarily designed for use in the first or 
second high- school year, and in no case presupposes pre- 
liminary work in physics or other branches of science. If 
supplemented by suitable laboratory exercises^ a full year 
course is needed for the accomplishment of the work. 
Such laboratory work, recorded in Dote-bookfi, now con- 
st i tut es part of the requirement in geography as estab- 
lished by the College Entrance Examination Board. 
_ Where, for lack of available time in the curriculum or ab- 
I sence of suitable equipment, formal laboratory exercises 
M are impossible, the text may be covered in a half-year. 
I The reasons for the order of topics in the text are 

I briefly set forth in the authors' preface. Under speHal 
■ circumstances a departure from this order may be made. 
K In warm climates, winter field gxcutsIoteis ^^tl^j^ ^T\«7a!??^^ 
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and there is less objection than in the North to placing 
the atmosphere early. Some schools are close to the sea 
border, and shore features are so familiar and are his- 
torically and commercially so important, as to make it 
desirable to introduce some work on the ocean early in 
the course. In such cases the decision rests with the in- 
telligent judgment of the teacher. 
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In Urn foUowiiig pages helps for teaching single topics 
are given in sections corresponding to tlie chapters of the 
test. The suggestions include further explanations of 
points in the text, a list of special referencesj and out- 
lines of laboratory and field exercises for each subject. 
It is not expected that any teacher or class can cover all 
of the exercises suggested^ but that each teacher will select 
the most practicable in view of the home geography, and 
of the equipment of the school for indoor work, j^or is 
it expected that the teacher will give to the class all the 
supplementary explanations here made; they are rather 
furnished to the teacher in anticipation of various ques- 
tions which may be asked. 

At the end are given the pronunciations of a few words 
used in the text-book^ mostly such as are unfamiliar or 
such as are often mispronounced. 



Chapter I^ The Eaeth 

(Nil ra hers refer to corrc^sponding sections in Gilbert and 
Biijjlmm's Introduction to Physical Geography,) 

REFERElSrCES 

Voyage of Magellan. Di&covery of Amenca. John Fiske, 
Rocks ^ Rock-W eaiheringj, and 8 oils ^ George P. MerrilL 



SUPPLEMENTARY EXPLANATIONS 

1. The spherical figure of the earth is best appreciated 
by the aid of a glol>e, and the globe is, for various reasons, 
the most iniportant single piece of a^^a^iaitvi% Iqt ^^ 
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graphic study. Have the scholars trace the route of 
Magellan's expedition from Spain to the Canaries, Brazil, 
the Straits of Magellan, the Ladrones, Samar, Luzon, 
Borneo, and back to Spain by the Cape of Good Hope. 

2. Latitude and longitude. — The meridian of a point 
is the imaginary line running north and south through 
it and ending in the poles. As each point has a meridian 
the number of meridians is infinite. Similarly the number 
of parallels is infinite. The number which shall be rep- 
resented on a map is determined by considerations of con- 
venience and utility. They are usually omitted altogether 
when small areas are represented (Figs. 44 and 46). 
When large areas are represented on a small scale the 
interval from line to line is many degrees. Thus in Fig. 
170 it is 40°; in Fig. 6, 20°; in Fig. 49, 10°; in Fig. 189, 
5°. In the maps of States contained in ordinary atlases 
it is 1° or 2°; in some of the atlas sheets of the TJnited 
States Geological Survey, as little as 5'. 

How latitude is determined. — To understand this, it 
is necessary to consider the apparent motions of the stars. 
Because the earth turns on its axis, the stars seem to 
move through the sky. To us who live in the northern 
hemisphere the more southerly stars appear to rise in 
the east, describe arcs in the heavens, and set in the west. 
Each star moves at a uniform rate from rising to setting 
and is highest midway in its course. At the middle point 
it is said to cross the meridian. Some of the more north- 
erly stars do not set, but have circular courses, and all 
these circles have the same center, called the north pole of 
the sky. If the axis of the earth be infinitely prolonged, 
it meets the sky in the sky pole. From a position on 
the equator, latitude 0°, the pole of the sky appears on the 
horizon. From a position on the pole of the earth, lati- 
tude 90°, the pole of the sky would appear in the zenith, 
or 90° above the horizon. And at any intermediate place 
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the latitude of the place is represented in degrees by the 
height of the sky pole above the horizon. Methods of 
determining latitude are therefore methods of measuring 
the angular height of the Bky pole. The pole itself is not 
a visible object, but the distances from it of many gtara 
have been carefully measure*^, and the geographer needs 
only to measure the height of some recorded star at the 
moment of Its crossing the meridian^ and make the proper 
allowance. Or he may use the suns height at noon; itt* 
polar distance changes 
from day to day, but is 
carefully computed in 
advance for this very 
purjiose, and is record- 
ed for all parts of the 
year in a Government 
publication called the 
Nautieal Almajiac. 

At sea^ the base line 
or zero of measurement 
is the visible horizon of 
water. On land^ where 
the visible horizon is 

uneven and can not be used, advantage is taken of the fact 
that the image of a distant object seen hy reflection from a 
liquid surface, appears just as far below the horizontal 
plane m the same object seen directly appears ahove it. 
The angular height of star or sun above its reflection in a 
pan of mercury is measured, and the result halved. This 
principle will be understood by reference to the diagram. 

A ray from the star, .9^, reaches the eye or surveying 
instrument at e. A parallel ray reaches a surface of liquid 
mercury nt m and is reflected (with equal angle) to fi, 
where it seems to come from s\ The angle ses' equals the 
angle tms\ and is double the desired angle, tmh. 



h 



Fio. 1.— Ger.metJ-T of the "artificial horlEon" 
aecd ID meaauritji; the angular height of ft 
»tat-. 
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How longitude is determined. — The original deter- 
mination of the longitude of a place is always the meas- 
urement of the difference in longitude between that place 
and some other, of which the longitude is already known. 
Let us call the more easterly place A and the other B. 
As the earth turns from west to east the stars seem 
to pass around it from east to west. In this apparent 
journey, they cover 360° of longitude in twenty-four hours 
(of astronomical time), 15° in one hour, 1° in four min- 
utes. In order to learn the difference in longitude between 
A and B, the geographer measures the time occupied by a 
star in passing from the meridian of A to the meridian 
of B. For this measurement, it is necessary to learn the 
moment at which it passes each meridian, but this is not 
observed directly. As the star rises toward the meridian, 
the moment when it reaches a certain height is noted, 
and afterward, as it descends, the moment is noted when 
it has again the same height; midway between the two 
is the moment of passing the meridian. 

To secure precision, it is necessary to use the same 
time standard at the two places. If possible, they are 
connected by telegraph, so that instantaneous time signals 
can be sent. Otherwise, the most accurate kind of chro- 
nometer is carried from one place to the other. 

Length of a degree. — Theoretically, the difference in 
latitude of two points on the same meridian is the angle 
in which vertical lines at those points, if extended down- 
ward, meet. The distance of this meeting point, called 
the radius of curvature, is greater for the polar region, 
where the curve of the surface is a little flatter, than 
for the region of the equator. The length of a degree 
is proportional to the corresponding radius of curva- 
ture. Degrees of longitude, on the contrary, diminish 
from equator to pole, the change being at first slow and 
then rapid. 
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Lengths of Degrees in Different Latitudes 



LeoFtb of one de^Tpe of 
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Latitude. 
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3. Eartk temperatures. — In a boring at Wlieelingj 
W, Ya.j the rock at a depth of 4,460 feet was found to have 
a temperature of 110"^, while near the surface the temper- 
ature was 51"*, In the deep workings on the Conistock lode, 
Virginia City, Nev., the rock at 1,900 feet depth had a 
temperature of 130^, and water which came into the mine 
and had to be pumped out, ranged up to 157°, 

lee meits at 32^; potassium at 144''; sodium at 304''; 
lead at BBO" ; copper at l.gBl'^; and iron at S,91S''. 

Density of the. earth.^Tbe average density of the 
rocks of the crust is about 2.7; that is, they weigh 2.7 
times as much as the same volume of water. The mean 
density of the whole earth is 5.^. As the crust is less 
dense than the moan, some of the inner parts must be more 
dense, to bring up the average, and the density of the 
central part is probably as high as 10. This may be com- 
pared to the density of iron, fi, and lead, 11.4. There may 
he mncli iron inside the earth, or the interior may consist 
of ordinary rocks squeezed into less space by the enormous 
pressure to which they are subject. 

4, Crystalline rocks* — ^Each mineral is a definite chem* 
ical compound!, capable of forming crystals of some regu- 
lar geometric form. Kocks are composed of miufiT'a,\s.. 
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Usually the component minerals are in separate grains, 
either crystals or fragments of crystals. In igneous rocks, 
the crystals form themselves as the rock slowly cools and 
are usually of such size as to be readily visible. Such rocks 
are therefore called crystalline. Sedimentary rocks usu- 
ally contain only fragments of crystals, the mineral grains 
having been derived from the breaking up of igneous 
rocks and the crystals more or less broken and worn in the 
process of change. 

Words. — Latitude and longitude were introduced 
while yet geographers supposed the earth to be flat, and. 
at a time when the known part of the earth had a greater 
extent east and west than north and south. Latitude 
means width, and longitude length. 

Section, a cutting, is much used in geology and geog- 
raphy to indicate that which is seen when a part of the 
earth's crust is exposed by an opening. The wear of a 
creek gives a natural section (Fig. 3) ; an excavation for 
a railway, an artificial section, A drawing to represent 
what might be seen if a cutting were made is an ideal 
section (Fig. 2). 

LABORATORY EXERCISES 

1. Curvature of the earth. — If the school is near the 
sea or one of the Great Lakes, the phenomenon illustrated 
by Fig. 1 should be observed. The effect is most striking 
when one stands close to the water, but it is instructive to 
go afterward to a high point on a hill or tall building. 

If an eclipse of the moon is to be visible, explain in 
advance what causes it, and that the edge of the earth's 
shadow will be curved because the whole shadow is circu- 
lar. Bringing the class together in the evening, the full 
moon can be represented by a white disk on the wall, all 
lights but one put out, and the disk eclipsed by the shadow 
of a school globe or other spherical object. 
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3. Latitude and lon^tude. — Studeuts should be so 
drilled in ttie use of the latitude and longitude lineB of 
maps and globes that they can readily ( 1 ) tell the latitude 
and longitude of an indicated place; and (2) find a point 
of which the latitude and longitude are given. When 
these exercises are familiar ^ such problems as tlie follow- 
ing may be given: Wkich is farther north, New York or 
San Francisco, and how mucb? Which is farther east, 
Montreal or Quito, and how much? What is antipodal 
to Ohio? 

Some of these exercises should be so chosen that the 
student must interpolate between meridians or parallels 
marked on the globe or map. There are many ways of 



I 




Flo, 2. — iDtcrpolatloQ. 

doing this, A way whieh well illustrates the principle of 
interpolation is to actually draw mtermediate lines. Sup- 
pose the problem is to determine the most easterly longi- 
tude in winch the derelict Telemach was seen, from its 
track shown in Fig, 201. To avoid defaeino; the book, a 
pieee of paper (Fig, 2) is so kid on the map that its edge 
ia near the point x^ to be determined, Tlie positions of 
the meridians of SC and 40° W. are marked on the Tja,^^. 
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Midway between them a line is placed to represent the 
meridian of 30°; and a line for 35° is placed midway be- 
tween the lines for 30° and 40°. The point x is between 
the 30° and 40° marks, but nearer to the latter, and it is 
evident that if the lines for individual degrees were also 
made, the one for 33° would fall nearer than any other 
to X. The principle of interpolation will find other illus- 
tration in connection with thennometry and weather maps. 
A rough measurement of the latitude may be made in 
the schoolroom, if it has a south window, at the time of 
either equinox (say March 21 or September 23). The 
sun at noon is then 90° from the pole of the heavens, and 
the angle between the sun's direction 
and tlie vertical line equals the lati- 
tude. Hang a plumb-line close to the 
/ window; mark the point directly be- 
low it on the floor (5); call that the 
base point; attach a button a half- 
inch wide at A, 100 (measured) inches 
^ . -^ above the floor (if the window is too 

Fig. 8.-Diagram iiins- low, substitute 50 inches and make 
tratingthedetermina- allowance in the Computation). Draw 

tion of latitude. ,. ,^ ^ ., -, • 

a line on the floor northward from 
the base point. If the direction of true north is not 
known, find it by means of a compass and the declination, 
as shown by Fig. 189, or else find it (on a previous day) by 
the principle that the shadow of the button is nearest the 
base point when directly north from it. On the day of the 
equinox, when the shadow is on the north line, mark its 
position (0) and measure in inches the distance to the base 
point. This measurement enables the latitude to be com- 
puted by the formula: Tangent of latitude = ^; but as 
the trigonometric tables may not be convenient, we give 
a table showing the values of CB corresponding to each 
fifth degree of latitude. 
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I*ATITCII1B, 
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0.0 inches. 
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65 ,... 




30 _ 
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75 

80 




30 
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1.145.0 " 
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13. Maps.— Study Figtj. 9, 10, and 11. This section 
does not explain modes of projection (see Sec. J^IT), but 
of showing relief. Have the student find highest altitudes 
and steepest elopes in 9 and IL Superiority of 11 in in- 
formation as to altitude. Puller study of 11. Scale and 
contour interval. Kinds of culture lines on this map. Flat 
upland (prairie) and flat lowland (the river plain). Dif- 
ference in altitude. Highest and lowest points in area. 
Let the student draw north and south profile across up- 
land and river through La Salle. Use same horizontal 
seale as in map. Vertical scale, ^ inch ^100 feet. Fur- 
ther practise could he had by representing this area in 
haehiires, omitting the minor features, showing only main 
valleys. Other exercises on eontoured maps will be given 
in connection with later chapters. 
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SUPPLEMENTARY EXPLANATIONS 

17-18. Day and year. — The earth turns on its axis 
about 36GJ times while making one revolution about the 
sun. The stars, therefore, apparently pass about the earth 
366J times in a year. The motion of the earth about the 
sun makes the apparent motion of the sun slightly dif- 
ferent from that of the stars; the sun apparently circles 
the earth only 365^ times. A day, being determined by 
the alternation of light and darkness, is the time from 
one passage of the sun to the next, and is a little greater 
than the rotation period. It is the day which we divide 
into hours, not the rotation period. The earth makes a 
complete turn on its axis in 23 hours, 56 minutes, 04.1 
second. 

19. Remoteness of the pole-star. — Astronomers ob- 
serve the direction of a star {C ot D) when the earth is 




Fig. 4.— Diagram illnstrating the measarement of the distance from the earth^s 
orbit, ^ ^, to a star. 

at A in its orbit, and again six months later when it is 
at B, From the difference of direction (the angle ACB 
or ADB) the distance of the star is computed. The less 
the angle, the greater the distance. Only a few stars are 
near enough to have their distances measured in this 
way. The pole-star is so distant that the two directions 
seem the same. 

21. Irregularity of the orbital dates. — If the number 
of days in a complete revolution of the earth were a whole 
number, without fraction, the dates of the solstices and 
equinoxes would be the same in all years. As it is, the 
dates vary slightly. The dates in Sec. 21 and the accom- 
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panying iiguros are correct for the ] 
the verEal equinox and summer solstice have the same 
dates as in 1903, but the autumnal equinox falls on Sep- 
tember 24 instead of September S3j and the winter gol- 
stice on December 23 instead of December 22. 

24. Standard time- — In actual practice^ the standard- 
time districts are not bounded by meridians. It is not 
conYcnient for railroads to change their time at the points 
of crossing standard meridians j they change instead at 
the ends of divisions; and each town^ as a rule, adopts 
the time used at the nearest railway station. The bound- 
aries of districts are thus made irregular. 

There are a few cities and small regions in the United 
States in which local time is still adhered tOj despite its 
many inconvenieiices. 

LABOHATOBY EXERCISES 

IS. Draw an ellipse 8 inches long and 6 inches wide. 
To do thisj la}' off two lineSj AB and CD, representing 
the length and width, so that they cross at right angles 
and at the middle of each. With C as a center and wnth 
a radius of 4 inches (half of AB) draw^ an arc intersecting 
AB in E nnd F, These points are the foci of the ellipse. 





H ¥». H— Cnnstmctlon to find the foci 
^m f)>f an ellipie when the major and 
H minor axefl are ^iven. 

Set a pin at each. Moke a loop of string just long enough 

190 that wiien passed about the two pins it can be drawn 
out to (7 or A. Place a pencil msidl^Q ^Tvi, '^t^wTisi^ ws^- 



F^Oi G.— The drawing of an elllpBe 
with thp aid oT a loop. 
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ward to keep the string taut, draw with it a curve. The 
curve is the desired ellipse. Draw ellipses of other forms. 
Draw an ellipse of the form of the earth's orbit. For 
this the length of the string should be 61 times as great 
as the distance between the foci. Draw a circle about 
one of the foci, and observe how little the two curves 
differ. 

21. Seasons. — On a broad table (or on a broad sheet of 
paper lying on a table) represent the earth's orbit by a 
circle with a radius of 3 feet. A marble one-third inch in 
diameter may be placed at the center to represent the sun 
on the same scale. An ordinary grain of table salt is 
too large to represent the earth. 

Mark twelve equidistant points on the circle to repre- 
sent positions of the earth in different months, and label 
them as in Fig. 16. Now place a lamp in the center to 
represent the sun as a source of light, and represent the 
earth by a small globe with a stand. Have the flame at 

the height of the mid- 
dle of the globe. First 
place the globe at the 
winter solstice (De- 
cember 22) and in- 
cline its upper (north) 

PioT^Arran^ementoflampandglobeto j^ ^ f ^j^ 

illustrate the cause of the seasons. r j 

sun, with the axis at 
an angle of 23^°. Note the part of the room toward which 
the axis inclines. Keeping the axis always parallel to its 
original position, move the globe to different parts of the 
orbit in succession and study the distribution of light on 
the globe. Turn the globe on its axis and observe the 
phenomena of long and short days in different latitudes. 
Follow all the explanations of the section. 

24. Give problems in time. — One hour difference 
in local time corresponding to 15® difference in longi- 
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tude; what time difference corresponds to 1°; to 1'; to 
1"? What is tlic dy!erence in local time between points 
differing in longitude by g2** 10' 15" ? What is the differ- 
ence in local time between Portland, Me.^ and Portland^ 
Ore. ? What is the difference in standard time ? What is 
the difference in longitude of two places differing 17 min- 
utes 43 seconds in local time? The longitude of Wash- 
ington is T?'' 00' 33.5'' W.; is the local time faster or 
slower than standard time (Eastern district) ^ and how 
'much? How does local time differ from standard time 
at Indianapolis? In San Francisco^ local time is ten min- 
utes slower than standard time (Pacific) ; what is the 
longitude of San Francisco? 

Draw an outline map of the United StateSj showiiig 
standard-time belts. 
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SUPPLEMENTARY SUGGESTIONS 

Words. — Different parts of our country were settled by 
people speaking different languages, and traces of those 
languages survive not only in the names of towns, rivers, 
etc., but in the words designating topographic features. 
Thus the Dutch introduced clove (ravine), kill (creek), 
and vlei (wet meadow), which are still heard in parts of 
New York. The French explorers gave us a group of 
terms, of which portage (carrying place) is known only 
near the Canadian border, coulee (dry stream-bed or 
gorge) from the Dakotas to Washington, butte (a steep- 
sided hill) west of the Mississippi, and hayou (distribu- 
tary) along the lower Mississippi and about the Gulf 
coast. The use of prairie has become general. The Span- 
ish, having a language rich in topographic terms, con- 
tributed several to the vernacular of the States which 
border Mexico. Among these are arroyo (small stream 
bed), mesa (bench, or small plateau), cienaga (springy 
place on a dry plain), malpais (lava-bed), and play a (al- 
kali flat). Canyon (spelled canon in* Spanish) has spread 
through all the region west of the Mississippi. Sierra 
(mountain range), rio (river), and agua (spring) are 
preserved in proper names, as Sierra Nevada, Eio Grande, 
Agua Caliente. 

Glen, which in Scotland designates a high-sided open 
valley, or glacial U -trough, is attached in the TTnited 
States, and especially in western New York, to narrow 
gorges. 

Delta is the name of the Greek letter A, and was ap- 
plied to alluvial plains at the mouths of rivers because 
they are often triangular. 

In Great Britain the boundary between two river basins 
is usually called a watershed, a word also applied some- 
times to a river basin. Water-parting is also used. In the 
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United States the word divide^ which at first had only 
colloquial u&ej has been adopted by geographers. Height 
of land is sometimes used in Canada. 
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LABOBATOEY EXERCISES 

Many exercises are here offered. Teachers should select 
available exercises^ basing the choice on the equipment and 
the surroundings. For the field tripSj the note-book is 
the essential tiling. Illustrate with profiles an^i sections. 
Perspective drawing is not necessary. Tf a half-dozen of 
the exercises on rivers are thoroughly done^ a good begin- 
ning has been made. The directions to teachers in this 
chapter are given with especial fulness, and may serve as 
a general guide to the more briefly outlined work of suc- 
ceeding chapters on the lands. 

27. Field study of a gor^e. — ^General geographic rela- 
tions. Length, Depth. Find depth by estimate, as by 
comparison with trees, or with a man's height, or by using 
a line, if this can be 
done with safety. If 
the teacher has a 
hand - level and the 
slopes permit, get 
height of wall as fol- 
lows: Stand at bottom, 
a (Fig, 8); sight to a 
point (I;) on a level with 
the eye. Go up to h and repeat the process, and continue 
to the top. The number of sightings multiplied by your 
height to the eye, will be ihe^ height of the slope. This 
is a convenient means of ascertaining small altitudes in 
field-work. But practise the student in estimating heights 
and distances. If not vertical, ascertain the slope of the 
gorge wall, as follows: Paste a paper protractor into the 




TiQ. S^'McaearemeDt of belght with m hAnd" 



28 TEACHERS' GUIDE IN PHYSICAL GEOGRAPHY 




Fio. 9.— Simple clinometer or slope-measarer. 



inside of the note-book cover as in Fig. 9, with the diam- 
eter parallel to the edge of the cover. Suspend a bob h 
from the center c. Hold the book so that the edge of the 

cover falls in line with 
the slope. The angu- 
lar distance of the bob 
from zero will be the 
amount of the slope. 
Study all features 
of the gorge — mate- 
rial of walls, as rock 
or drift; work of trees 
and other plants; effect of joints and planes of bedding; 
the talus or waste slope; the volume of water; the bed of 
the stream, whether on rock or rock covered by waste; 
character of waste in stream-bed, large, small, rounded, 
angular. (Consider streams with less or more than full 
load.) Draw cross profile of gorge, with data already 
learned. 

Map study of a gorge. — Kaibab Sheet, Arizona. See 
Davis, King, and Collie, p. 16, for description. Locate 
the sheet on a general map and note contour interval 
and horizontal scale, as in study of all such sheets. Have 
student construct profile on north and south line, through 
the L of " Colorado River." This is a simple profile and 
shows well the inner and outer gorges. Use horizontal 
scale of map, and vertical scale, i inch = 1,000 feet. Sup- 
plement this work with any available material on the 
Colorado plateau, and the canyon as a whole. Similar 
studies may be made of other gorges, as maps may be at 
hand. 

D3mamic study of a gorge. — If a hose and a bank of 
earth are available, gorge-making can be shown in con- 
siderable detail. Note the crumbling of the earth, the 
formation of walls, the occurrence of rapids where a stone 
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is encountered in the down-cuttingj and the gradual widen- 
ing. A sprinkling-pot used on a sand pile will give good 
illustrations. If a basement in the school building is 
available, a tank may be fitted up in which a variety of 
such experiments may be conducted. Some of these will 
be suggested in later pages. 

The tank should be 5 to 8 feet each way, as may be 
convenient. It may be zinc- lined. It should be arranged 
for discharge of the waste water at various levels^ easdy 
adjustable, A light jet or line spray, as may be needed, 
must be arranged, as a full head, with the earthy material 
available, U too powerful for the best imitations of nataire, 

2S. Transportation by streams* — Observation of this 
will ofteD be combined with the field study of the gorge. 
Study size and form of material carried in the gorge and 
in more gentle reaches below. Note the size of rocks 
mored in flood- time; the darkening of water after a 
shower. Collect samples of river water before and after 
a storm and allow the material to settle. Estimate the 
daily discharge of a local stream and the amount of waste 
carried. Cast a handful of earth into a glass jar and let 
it be watched at intervals with study of the arrangement 
of the sediuients after the water has become clear. 

31. Map study of divides. — ^On any map of New York 
trace the line of parting between the Great Lakes system 
of waters, on one hand, and the Mississippi, Susquehanna, 
and Hudson on the other; around the head waters of the 
Genesee in Pennsylvania, south of the Finger Lakes, and 
northeast by Rome and through the Adirondacks — such 
are some of the directions. Study the divide locally on 
any atlas sheets, as — 

(a) Elmira, where the parting is faint, north of 
Horseheads. This sheet will he useful in studies of the 
glacial lakes, since this was an important overflow point. 

(h) The Oriskany sheet, in which Rome stands on a 
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mile of llat ^Touiul sqwirating the Mohawk from Wood 
('riM'k, wiiuM' watiTs How to Lake Ontario. This was a 
'* ( arrvin^' plare " in colonial days, and marks the divide 
alnn«j: whuM' lasy grades the vast traffic of the present day 

procrrds. 

Sharp cri'sl lines or mountainous lines of water-part- 
in;: should 1k' ()l)served on any available maps, so that 
divides in ihrir great variety may be known to the student. 

:5v\ Waterfalls. — These are so diverse in origin that 
a ^ingh» i .\anij)h' is scarcely enough. Any local waterfall 
shouhl l)e carclully studied. Find its origin in the con- 
ditions of the rocks. If it has a hard-bed crest, the prob- 
lem is sinij)le. Note height, width, and any evidences of 
})ast or ])resent recession. Many falls will be found to 
depend, not so much on alternation of hard and soft lay- 
ers, as u])(;n vertical jointing, which causes regular reces- 
sion, and ])reserves a vertical face. 

Niagara may be well studied as the greatest American 
example. The text, with Figs. 24, 25, offers some mate- 
rial. Secure the Niagara Falls sheet. Study the N'iagara 
plateau, the Niagara escarpment, and the Ontario plain. 
Study the gorge in detail and make profiles below the 
falls and along the whirlpool rapids. For other important 
features, consult Gilbert's Niagara Falls, 

37-40. Field study of flood-plains and meanders.— 
Only general hints can be given, because local examples 
must be used. Note the width of flood-plain, its materials 
and stratification. Look for natural levees and surfaces 
sloping to the valley side. Consider the fertility of the 
soil, sites of houses or villages, and all human uses. Is 
the width of the plain in proportion to the size of the 
stream? Gather all possible data as to floods. The rea- 
son why the stream pursues a meandering course. The 
topography on the outside and inside of the bend. The 
depth of water in these situations. Increase in size of the 
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ox-bow bends; cut-offB, and how caused. Note the narrow 
swing of a brook and the wide swing of a great river. 
Bring out as many as possible of these principles from 
local streams. 

Map study of flood-plains and meanders .^Enlarge 
the students' conception by a wider range of illustration 
such as may be had from maps. Examine all available 
atlas sheets for examples. The maps of the Lower Mis- 
sissippi give countless cases, DaviSj King, and Collie 
give (p. 33) Fort Pa}Tie, Ala.; St Louis (east sheet), 
Independence, and Marshall, Mo. ; Junction City, Kan. 
One map s^hoiild be assigned to each student for full de- 
scription of ail flood-plain features shown. In this, as 
in other map exercises, let the student take the point of 
view of a bird's-eye observer of the region. Precise de- 
scription thus becomes a discipline in seeing and in ex- 
pression. 

43. Dynamic study of deltas.^Shjillow water in any 
available tank. Earth or sand to imitate land surfaces. 
Spray arranged as in Sec. 27, but now with reference to 
the deposit in the edge of the water. After the delta has 
been formed and its character identified in accordance 
with the text, draw the water down on the frontal slopes 
of the delta and watch the dissection and the formation 
of the new delta at a lower level. Produce different effect 
by using &pray of different capacity and land materials 
of different degrees of coarseness, as gravel and sand in 
one instMnce» and clay in nnother. 

Library study of any great delta, as the Kile or Ganges, 
—Let the student read and report on references as pre- 
viously given, and construct an outline map of the dis- 
tributaries and shore line. 

48. Map study of lake fiUing^^Fig, 42 may be used. 
Still hotter, the entire Watkins sheet, if at hand. The 
length and width of the delta on which Watkins and Mon- 
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tour Falls are, should be noted, and the sources of supply 
in the cutting of Watkins and other gorges. A general 
study of the topography should be included, and a profile 
across the valley constructed. Observe Salt Point on the 
west. Local ponds and small lakes are likely to afford 
parallel and actual examples. If there are borings in the 
delta, or soundings of the lake, interesting use may be 
made of such data. Thus the cubical contents of the fill 
may be estimated. 

45-50. Comparative study of maps, Fig. 41 and Fig. 
44. — ^Mature and imperfect dissection by stream. — Com- 
pare the two areas as to their general character — their 
altitude; their nearness to the sea, and the hardness of 
the rocks. In the West Virginia area the land is high, 
far from the sea, and composed of old and hard rocks. 
In all these respects the Potomac Eiver district is its op- 
posite. One is old land, and the other is new. One is 
coursed by streams; the other has few streams and wide 
inter-stream belts. In one the roads run by the streams ; 
in the other, on the uplands. The older, harder country 
is the more dissected. Hence, the youth of the other area 
is emphasized; for though it is easy to carve, the streams 
have not yet accomplished much work upon it. 

51. Trellised, or rectangular drainage. — Monterey 
sheet, Virginia and West Virginia; Pine Grove sheet, 
Pennsylvania. Let the Monterey sheet be first, studied. 
The chief streams are longitudinal, and the mountain 
ridges lying between are more or less completely cut into 
sections by the small transverse streams. See Thorny 
Creek Mountain, Thomas Mountain, etc. Compare Pine 
Grove sheet. Swatara Creek is the chief stream, and it 
shifts from transverse to longitudinal several times be- 
low Tremont. Have parts of the drainage of either sheet 
traced, making a sharp effect by thus removing the other 
lines of the map. Harrisburg sheet may be compared 



RIVERS 



33 



for a transverse stream of vast relative size. And all 
should be compared with niaps showing the more common 
tree-like drainage. 

otl^63. An elementary but nseful supplementary exer- 
cise is to reproduce on a skeleton map the chief river sys- 
tenis and draw In tlie lines of water-parting. 

55. The Missisaippi Elver. — Study the river system by 
all available maps and literatuTle. Few specific directions 
can here b(? given. Do not try to study all parts thor- 
oughly. Select those for which maps or other helps are 
available. On the Great Plains, study the Platte and Mis* 
sonri intensively. In Louisiana, give exhaustive attention 
to the delta. If the maps of the Mississippi River Com- 
mission are available^ all students should examine^ and de- 
scribe in tlieir note-books in fnll detail, one or more of the 
large sheets which show meander^^ cut-otf lakes, types of 
vegetation, and other features. Location of cities^ navi- 
gation, levees, floods, and the jetties at the southern ex- 
tremity of the delta, are fruitful topics for inquiry and 
record. 

Detailed study of the nearest considerable Btream. — 
Here the invention of the teacher must provide mater iaL 
All possible maps should he seen red. Of a stream of any 
importance the hydrographic volumes of the United 
States Geological Survey may give the amount of dis- 
charge. The form of the valley should be studied, and 
profiles made at different points if they can be visited. 
Flood- plains, terraces and all possible forms of waste and 
cliff should be examined and all human uses of the stream 
discussed and recorded. 
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Chapter IV, Weathering and Soils 

REFERENCES 

Rocks, Rock Weathering, and Soils, George P. Merrill. 
Maemillan. A specially valuable treatise for the li- 
brary and the use of the teacher. 

Origin and Nature of Soils, N. S. Shaler, in Twelfth 
Annual Report, United States Geological Survey, 

Reports of the Division of Soils, United States Depart- 
ment of Agriculture. This is a recently established 
division, engaged in studying and mapping soils of the 
United States. Address inquiries as to such possible 
work in progress in your own region, and concerning 
reports, to Prof. Milton Whitney, Chief of the Divi- 
sion of Soils, Washington, D. C. 

Artesian Wells, T. C. Chamberlin. Paper in Fifth An- 
nual Report, United States Geological Survey, 

Celebrated American Caverns, H. C. Hovey. Clarke, 
Cincinnati. 

Mammoth Cave, H. C. Hovey. Journal School Geog- 
raphy, i, 133-139. 

Stones for Building and Decoration. George P. Merrill. 
John Wiley & Sons. 

Minerals and How to Study Them, Dana. John Wiley 
& Sons. 

Common Rocks. W. 0. Crosby. 

Elementary Lithology, George H. Barton. 

Various publications on State Resources — e. g.. Building 
Stones of New York, By New York State Museum, 
Albany. 40 cents. Building and Ornamental Stones 
of Wisconsin. Buckley. And in many geological re- 
ports and popular volumes issued for expositions, etc. 
Consult State geologist, or some professor of geology, 
for specific information. 

SUPPLEMENTARY EXPLANATIONS 

64-67. Pictures of rocks. — Different rocks are differ- 
ently affected by the weather, so that their cliffs and crags 
have different characters. When the eye has become ae- 
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quainted with these ebaraeterSj the nature of a rock can 
often be told at a distance or from a photograph. Sand- 
stones are shown in Figs. 1 7, 83^ and 54 ; shales in Figs, 
3j 21j 53, and 59 ; limestones in Figs. 3, 33, and 55 ; granite 
in Figs. 61, 98, and 109. In Fig, 64, all the greater ledges 
are of limestone, except the white ledge near the top, 
which is of sandstone. In the frontispieee the stratified 
rock resting on the granite is a sandstone — of which a 
nearer view appears in Fig. 54, 

LABORATORY EXEBCISE3 

In the following paragraphs, a few minerals largely 
composing sandstone and other common rocks are studied 
with those rocks. If preferred, they may he studied pre- 
viously and in greater number. If specimens are at hand 
(aad they are easily obtained of dealers) the other com- 
mon minerals, as gypsum and those of iron, may be in- 
cluded^ though not especially required for our text. 

64. Lalioratory study of sandstone. — Quartz^ the pre- 
vailing mineral of a typical sandstone, shoidd be exam- 
ined as to hardness (penknife test), solubility (dilute 
hydrochloric acid), crystaliine form and color. Under 
the last head, observe rock crystal, milky quartz, smoky 
qnartz, amethyst ; then take all available specimens of 
sandstone. Study them for color, size of grain, shape of 
grain, and cement. Crush a fragment for better obser- 
vation of these points^ using magnifier or low-power mi- 
croBCope. Study proportions of quartz and other mate- 
rials* Test with acid for caleareons cement. Examine 
grains of a red sandstone for traces of iron oxid cement 
In a non-glacial region, or among glacial drift fragments, 
find sandstones that are weathering into original constit' 
iient grains. Have at hand samples of coarse and fine 
sands from sea and lake shores and glacial deposits. Com- 
pare them with each other and with crushed sandstone* 
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Compare samples of conglomerate with ordinary sand- 
stone. Have student make full record of all these ob- 
servations. Many other points will be suggested to the 
teacher in the progress of such exercises. 

65. Study of shale. — This is a less satisfactory sub- 
ject for elementary examination than sandstone, as its 
fragmental character is less easily demonstrable. But the 
general appearance, color, and leaf-like bedding can be 
seen and compared in several specimens. As clay is the 
chief constituent of true shale, study samples of clays as 
they may be obtained from brick-yards, potteries, and nat- 
ural exposures and bottoms of ponds. Some samples will 
show interesting gradations into sandstones. Have the 
student discriminate between shales and slates. The last 
are not introduced into the text. They are hardened, or, 
in some cases, baked shales, which split readily and are 
very durable, as roof slates and marking slates. Bring 
out the fact that shale rock is often ground for the making 
of various kinds of bricks. 

66, Limestone. — Compare as to color and general ap- 
pearance a number of samples. Note the great variety of 
color, if several specimens are available. Some are fine- 
grained and massive, while others are more or less full 
of crystalline faces or grains of calcium carbonate 
(CaCOg). Test with the acid. The crushed rock will 
give most brisk effervescence. Allow the material to re- 
main in the acid until all possible solution has taken place. 
The residue, if a sufficient quantity of acid is used, is of 
other minerals. Compare its amount with the original 
fragment. Study crystalline calcium carbonate, the min- 
eral calcite. (Dana's Minerals and How to Study Them, 
pp. 247-254.) This may, if preferred, precede the exam- 
ination of limestone. Marble may be compared with com- 
mon limestone, being derived from it by pressure and other 
agencies, producing what geologists call metamorphism. 
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67. Granite. — ^This beiog one of the commonest rocks 
in monuments and the better class of build mg&j a good 
knowledge of it adds much to the student^s practieal intel- 
ligence^ and at the same time will help him to understand 
how the crystalline rocks are modi lied by weathering. 
For specimens^ visit stone-yards or sites of granite build- 
ings under construction. Some may be found having a 
weathered rim or iilmj and these are especially useful. 
The quarts; will already have been studied. Let the feld- 
spar be taken up for cleavage^ colors, and hardness. Note 
that quartz will scratch feldsparj but that the latter is 
much har<^er than the calcite or calcium carbonate. The 
principal properties of mica should be studied^ and the 
granite then examined for the three minerals. Sometimes 
the mica is replaced by hornblende. All the minerals of 
the granite may be coarse or finCj and may show such vary- 
ing sizes and colors eb to give all varieties of texture and 
color to the rock. In some places, a tray of granite waste 
from na^ural weathering may be obtained and compared 
with the rock. 

68-7(1. Field study of weathering.^BuildiEgs and 
monuinents. — This is an especially useful exercise in cltiesj 
in which field -trips are often made with difficulty. If 
class excursions can not be made, individuals can at least 
be directed in observations iipon stone structures. Tjet 
the monuments of a cemetery be studied, and notes made, 
giving their dates and appearance; loss of polish, discol- 
oration; accumulation of lichenous growths, ilaking and 
splitting. Similar efTects will appear in hnildings. Not 
many blocks of brownstone fronts will have been traversed 
before conspicuous mstances will be found. Bedding 
planes will come to light and blocks here and there will 
show signs of early and complete destruction. Let the 
students' notes show these facts, with precise location and 

criptive details. Discoloration may be detected, either 
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in streaks or in a general change of tone, as where two 
buildings of the same stone differ twenty years in their 
time of erection. 

Field study of weathering. — Natural ledges, quarries, 
and the drift. — Here a great variety of examples may be 
found in almost any region. The suggestions of the text 
are a sufficient guide as to the kind of results to be looked 
for. The oxidation and discoloration of the upper layers 
in sand-pits, excavations for cellars, and railway cuts, are 
among the most common and instructive. The same are 
seen in quarries, and here solution will often show con- 
spicuous results in opening channels along the joint planes. 
The talus slopes at the base of cliffs and the crumbled ap- 
pearance of ledges of shaly rock are also common facts, 
and the work of tree roots can almost always be seen along 
steep, rocky banks. 

77. Thickness of land waste. — This affords a profitable 
study. It should be remembered that in the glacial belt 
some of this waste is not due to weathering, but the study 
can be carried on with this in mind. How thick is the 
earthy cover of quarry rock, and how deep must wells be 
sunk in any region to meet bed-rock ? The average thick- 
ness of the earthy cover in a region affords a good problem, 
though estimates will always be general and uncertain. 
A class of students will be able to bring interesting re- 
sults together, in a rural community at least, by inquiry 
as to the depth of wells and the kind of material encoun- 
tered in digging or boring them. 

77-79. Collections of samples of soil and drift. — This 
work is profitable to the student and may be utilized for 
the school equipment. All the sands of various coarse- 
ness and color, including gravel ; the clays and the various 
soils and subsoils should be gathered. Soils from sandy 
.ground, from clayey districts and from swampy, or low 
areas and forests, should be sought. Let them be ex- 
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a mined as to texture and color^ and a suitable quantity of 
each he placed in a bottle with labels giving its precise 
locality. The bottle should be wide-necked and 3 to 5 
inches in height. 

89, Water in rocks. — J^et a water-soaked rock be 
weighed, and then thoroughly dried^ and again weighed, 
noting the amount of loss; or take a dry sample from the 
collection, weigh it and then let it soak for twenty-four 
hours or longer, and weigh again. Compute the percent- 
age of loss or gain ; do this for different kinda of rock, and 
thus compare their capacities for absorption, 

Chapteb V, Wind Wobk 

REFEKENCES 

Dust and Sand Storms In the West. J, A. lldden, Popu- 
tar Science M on i lily, vol. xUx, i88G, pp. 655-604, 

Sand'binding Grasms. Yearbook, Department of Agricul- 
ture, 1898, pp. 405^20. 

Text- Booh of Gmlogy. Brigham, Chapter i. 

Man and Nature. G. P. Marsh. Chapter v treats of 
drifting sand. 

Cape Cod. H. D. Thoreau. Various editions. Several 
passages on the moving sands of the Cape. 

Hisloncal Geography of Palestine. Smith. Land and 
Booh, Thomson. And other works on the Holy Land, 
for references to ravages of sand along the Mediter- 
ranean coast. 

Earth Sculpture. J. Geikie. Chapter xii, pp. 250-S65. 
Putnam. 

LABORATORT EXERCISES 

108-119. Field study of blown sand,— Specific direc- 
tions can not be given. In regions of moisture and ahun* 
dant vcf^etntionj little opportunity is offered. The more 
sandy jjlaeial deposits nre sometimes incoherent enough 
to be suhjcct to wind action, being too barren to nonrish 
a plant cover. Dust blown from roadways and plowed 
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fields may be the only example accessible to many. Along 
the Atlantic seacoast, however, as on the borders of the 
Great Lakes and in much of the territory west of the 
Mississippi Eiver, dune sands can be made subjects of 
actual observation. The forms should be studied, and, if 
possible, sketched or photographed. Points to be ob- 
served: Arrangement, whether in hummocks or wave-like 
ridges ; height ; angle of slope of surface > relation of forms 
to prevailing winds ; migration of sands now in progress ; 
strength of wind needed to move the material ; rippled sur- 
face due to winds, if present; vegetation on the dunes; in- 
vasion of cultivated land by dunes ; efforts to prevent such 
invasion. 

112. Map study of dunes on the Great Plains; Kinsley 
sheet, Kansas. — Make a general study of the map, position 
of area in the State, relation to Arkansas Eiver, noting 
scale and contour interval. Dune forms southeast of Ar- 
kansas Eiver and along middle of area from east to west. 
Dunes east of river, but not west, by reason of prevailing 
winds. Forms of dune hills, altitudes, and number of 
hills on a given area, as on a plot two, three, or four 
miles square. Contrast between the dune areas and the 
erosion topography on the south and the northwest. Find 
small dune patches also on Meade, Dodge, and Coldwater 
sheets, Kansas. Compare the Kearney sheet, Nebraska. 
Here we have a similar relation to an important river, 
with dunes on the south, and erosion forms on the north. 
The belt of dunes is narrow, being two to four miles wide. 
Observe the " braiding " of the Platte, showing the shift- 
ing of its streams and the extent of alluvial ground from 
which the sands are derived. Have the student record all 
these points. Bring them out by careful questioning 
rather than by direct information. 

120. The sand blast. — It will be possible in many large 
towns and cities to find this in operation. Pupils who 
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are able to observe it wiU readily imderstand the work 
of the natural sand blast. The following list of uses of 
the sand blast (taken from the Popular Science Alontkly 
for September^ 1895) will give the teacher hints as to the 
kinds of establishments in which the blast is likely to be 
found. The list itself willj in any case, be useful in 
teaching : 

Frosting and decorating glass. 

Labeling of graduated measures. 

Eemoving hard scale from castings and forgings. 

Caryings and inscriptions in intaglio or relief^ on 
stone, slatcj and granite. 

Delicate drawings for lithography. 

Be moving fur and deposits in tubs and tanks. 

Cleaning off accumulations of paint and dirt within 
iron ships. 

Decorating buttons. 

Piercing the holes in glass ventilators. 

Marking pottery and ornamental tiles, 

Hefacing grindstones and emery wheels. 

Granulating celluloid films for photography. 

Bringing out the grain of wood in relief , as some- 
times for blocks used in printing. 
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REFEKEXCES 

Chapters on Oladers and Olacial Period in Tarr, Davis, 
and Dryer's text-books of Physical Geography, and in 
any text-books of Geology. 

Oladers of North Amen'ra. I. C. RusselL Ginn. 

Forms of Wafer. Tjndall. Apple ton. 

fre Age in North America. Wright. Appleton. 

Grpfil Tcf Age. Geikio. Third oditton. Apploton. Chap- 
ter by Chamberlin on the Ice Age in North America. 
4 
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Annual Reports United States Geological Survey. Those 

who have access to these volumes will find several 

papers of great value as follows: 

Third Report, Terminal Moraine of the Second Oladal 
Epoch, Chamberlin. 

Fifth Report, Existing Glaciers in United States, 
Russell. 

Sixth Report, Driftless Area of Upper Mississippi 
Valley. Chamberlin and Salisbury. 

Seventh Report, Rock-scorings of the Great Ice Inva- 
sions, Chamberlin. 

Eleventh Report, Pleistocene History of Northeast 
Iowa, McGee. 

Sixteenth Report, Part i. Glacier Bay and its Glaciers, 
Alaska. Reid. 

Eighteenth Report, Part ii, Glaciers of Mount Rainier, 
Russell. 
First Crossing of Greenland, Nansen. Longmans, Green 

&Co. 
Northward Over the Great Ice, Peary. Frederick A. 

Stokes Co. 
Glacial Studies in Greenland. Series of papers by T. C. 

Chamberlin, in Journal of Geology (University of 

Chicago), 1894-1897. 
Short History of the Great LaTces, Taylor. In Studies 

in Indiana Geography, Edited by Dryer. Inland Pub- 
lishing Co., Terre Haute, Ind. 
Earth Sculpture. J. Geikie. Chapters x, xi. Treating 

land forms due to glacial action. 
Glaciers of the Alps, Tyndall. Longmans, Green & Co. 
Hours of Exercise in the Alps. Tyndall. Appleton. 
Ice Work, Past and Present, Bonney. Appleton. 
Illinois Glacial Lake, Leverett. Monograph XXXVIII. 

United States Geological Survey. 
Glacial Lake Agassiz, Upham. Monograph XXV. 

United States Geological Survey. 

SUPPLEMENTARY EXPLANATION 

121. Rate of flow of glaciers. — The central parts of 
Alpine glaciers move forward from 100 to 400 feet a year, 
the sides more slowly. The motion in summer is twice 
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as rapid as in winter. The tongues of the Greenland ice 
sheet as they approach the sea, have sometimes a much 
greater speed ; in three localities their snmmer ratea have 
been fonnd to be 32, 63, and 99 feet per day. 

Words. — Early studies of glaciers were on the Swiss 
Alps^ where the French langnage is spoken. So the chief 
technical terms are from the French. Glace (ice) is the 
root of glacier. Crevasse is crack. Moraitw, related to 
mur (stone wall)^ refers to the ridge-like character of some 
medial moraines. Kock knobSj rounded as in Fig, 104, 
are called moutonnee^ because a field of them suggested a 
flock of sheep. The Swedes, navigating northern seas, 
gave us iceberg, from is (ice) aud berg (hill). English- 
speaking geologists have furnished most of the terms de- 
iriptive of the work of ancient iee-sheets. DrumUn^ 
^skefj and kame belong to the vernacular of Ireland. Till 
is supposed to lie Scotch. Drifts meaning something 
moved along^ has acquired two uses in geography: the 
waste transferred by ancient ice^ and a slow current driven 
by the wind. 

LABORATORY EXERCISES 

131. Intensive study of the Gomer glacier. — Section 
121 and the accompanying illustrations should be mas- 
tered and the map and view compared in detail. If other 
literature is accessible, yet more attention may he given. 
An account of Tyndairs crossing of the glacier and ascent 
of Monte Rosa is found in his Glaciers of the Alps. Baed- 
eker's Guide to Swiizerland should be consulted for the 
region about Zermatt, including the Gorner glacier and 
the Matterhorn, also T?rorks of Whymper and other Alpine 
travelers. See also Fig. 134, 

123^134. Study of photogxaphic views of other Alpine 
or Cordilleran glaciers. — The various pictures of glaciers 
in the text sliould have received careful attention in the 
students* daily lessons, A laboratory period can he grofit- 
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ably given to the examination of other glacial views, all 
points of comparison being recorded in the note-books. 
Text-books, books of travel, and the actual photographs 
should be used. In this way a class or laboratory division 
can be supj)lied with material even without duplicates, and 
fresh subjects for study provided by exchange among the 
students. Several views are given in Brigham's Text- 
Boole of Geology. Among these are the Viesch glacier 
(frontisi)iece), showing the windings of a long, narrow 
glacier between steep mountain walls and bearing belts of 
medial moraine. With this may be compared Fig. 47 of 
the same text-book, showing the point of formation of 
such a moraine and some of the upper snow-fields. Figs. 
44, 48, 49, 50, 51, 52, 280, and 281 form an instructive 
series from the Aar glacier and Aar valley of Switzer- 
land, llusseirs Glaciers of North America and other 
references given above will afford views of North Amer- 
ican ice streams. Diller's Mount Shasta in the National 
Geographic monographs gives an account of the five gla- 
ciers of that volcanic mountain. See also A Young Vol- 
canic Mountain, and the Shasta special map, in Physio- 
graphic Types, folio i, Gannett, United States Geological 
Survey. Other materials for such comparative study will 
suggest themselves to the teacher. 

125. Intensive study of the Greenland ice-sheet. — 
As this is the best known and the second in size of exist- 
ing ice-sheets, its study will be usefully carried beyond 
the brief account in the text, if time permits. Wright's 
Ice Age in North America and Geikie's Great Ice Age 
have chapters on the Greenland ice. The works of Nan- 
sen, Peary, and other arctic explorers should be consulted 
as far as available. A valuable series of papers on the 
Greenland glaciers was published by Chamberlin in the 
Journal of Geology (University of Chicago), 1894-'97. 
See also Greenland Icefields, by G. F. Wright, Appleton. 
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Any two or three of the aboye references will afford mate- 
rial for a profitable exercise* 

129. Glacier motiozL.^ — No discussion of theories is 
given in the text, and experiments are of little valne^ un- 
less conducted with elaborate provision, such as is impos- 
sible in most schools. Blocks of asphalt or other pitchy 
substance may be exhibited, their brittleness shown with 
a hammer, and given sufficient time tliey will change 
form at ordinary temperature. A stick of sealing-wax 
may be supported by its ends and will in a short time he 
found to sag in the middle. Tyndali^s experiment may 
be repeated by suspending a weight by a wire to a bar 
of ice, until the wire cuts through the bar, and the cut 
surfaces are reunited by freezing. The re consolidated ice 
in the packing of an ice-cream freezer gives a very rough 
illustration of rcconsolidation after fracture. With a 
screw and press interesting changes of form and coneoli' 
dation of snow and ice can he acconiplis^licd. These exer- 
cises are suggestive, hut the student must not be allowed 
to suppose that they explain glacier motion. 

132, Field study of till and erratic, or drift boulders, 
— It is not here meant that a field excursion can often 
be limited to the observation of these glacial features. 
Other phenomena, F^uch as are mentioned in the exercises 
that follow, will usually come in as a matter of conve- 
nience, but clearness will be promoted by grouping these 
suggestions to the teacher. Railway cuts, wells in process 
of digging, and all other available sections are to be 
sought. Note the absence of structure, the irregular atti- 
tude of the stones, the sizes of the latter and their abun- 
dance relative to the mass, their forms and surfaces, 
w^hether the till is interrupted by any stratified beds, its 
thickness, color, and any other features. 

Drift boulders offer many subjects of inquiry, such aa 
their size; their abundance^ being often numerous in some 
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localities and few in fields near by; their source and the 
direction from which they must have come; their state of 
preservation, depending on the hardness of the rock and 
the distance through which they have traveled. Many 
other questions may be asked. Teachers may find aid as 
to method in a paper on Drift Boulders between the 
Mohawk and Susquehanna Rivers, by A. P. Brigham, 
American Journal of Science, 1895. 

133. Field study of glacial pebbles and striated bed- 
rocks. — This subject is closely related to the last, since the 
scratched pebbles are commonly found in the till and the 
graven bed-rocks beneath it. The varying capacity of 
rocks to take and hold the scratches should be considered. 
From the shape of the pebbles or boulders, some judgment 
can be formed as to the amount of material they have 
lost by such grinding since broken from the parent ledge. 
The amount of rounding of the corners should be observed, 
the greater abrasion of sides as compared with ends, the 
usual parallelism of scratches with the major axis of the 
stone, and the numerous departures therefrom. 

In studying the bed-rock scratches a small compass is 
necessary to ascertain their direction. In the northern 
United Slates it is usual to read and record the direction 
with reference to the south, because the ice is known to 
have moved more often in that general direction. Thus, 
S. 20° W., or S. 30° E., would be a proper record. If the 
scratches are upon an inclined surface, the amount and 
direction of greatest slope should be recorded and the sur- 
rounding topography adequately described. Chamberlin's 
paper on rock scorings should be studied by teachers whose 
location enables them to give their classes such observation. 

134-141. Field study of other glacial features. — These 
are in such variety as to render precise directions impos- 
sible in this brief outline. The teacher must be guided 
by the material afforded by his locality. The washed 
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glacial materiale and the level forms due to their deposit 
will often be the most conspicuous producte of glaciation* 
Here all possible sections should be studied, with the 
stratificatiun, coarseness or fineness of material^ horizon- 
tality or inclination of the beds, and general fonnSj 
whether distinguished as kames^ eskers, glacial terraces 
or deltas, or frontal aprons. The map and picture stud- 
ies that follow will, in a measure, atone for the lack of 
these forms in many localities. Rounded or fluted, or 
benched rock hills, or the general topography of the up- 
■ lands in a glaciated region, should be studied, as well as 
any lake basins that are attributable, as most of them are, 
to some form of glacial action- 

134. Eames and moraines in general, — Map study. 
Eagle sheet, Wisconsin; Charleston sheet, Khode Island] 
and Stonington sheet, Connecticut^ Bhode Island, and New 
York. 

Rough landsj irregularity of contour lines, lakes, ket* 
ties, and swamps are the features to be noted. For Eagle 
sheet, consult Physiographic Types^ United States Geo- 
logical Survey, folio i, Gnnnett. As this folio is inex- 
pensive (2o cents) and should be in the hands of every 
teacher, details need not here be enggested. The remain- 
ing two sheets show^ the adjacent southern comers of 
Connecticut and Rhode Island. The moraine contours 
are conspicuous from Watch Hill to Point Judith Pond, 
along a narrow belt just hack from the shore. Xote the 
irregular contours and numerous ponds. Since the build- 
ing of the moraine the sea has made a long, smooth bar- 
rier beach, inclosing pomls between itself and the mo- 
raine. See Davis, King, and Collie-^ p. 38. 

135. Eskera.— These ridges are so irregular and often 
so low that the contoured maps fail to give any adequate 
idea of them. They are also not common and therefore 
are inaccessible to most schools. Some views will be 
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found in the text-books, but these again are fragmentary, 
because of the difficulty of bringing more than a short 
section of the ridge clearly within the photographic field. 
But good photographs of eskers will soon be more avail- 
able than now and may be made the basis of a short ex- 
ercise. If the teacher has access to libraries, the following 
should be consulted: Some Typical Eskers of Southern 
New England, by J. B. Woodworth; Proceedings Boston 
Society of Natural History, vol. xxvi, p. 197; and the 
Origin of Eskers, W. 0. Crosby, American Geologist, vol. 
XXX, pp. 1-39, July, 1902. 

136. Map study of drumlins. — These forms are so 
strong and simple that the maps give an exceptionally 
good expression of them. The Sun Prairie sheet, Wis- 
consin, is needed for this study. In addition to it, the 
Madison, Waterloo, Evansville, Stoughton, Watertown, 
Koshkonong, and Whitewater sheets, all of Wisconsin, 
may well be secured and mounted with the Sun Prairie in 
a group. Eefer to Davis, King, and Collie, p. 37, and to 
Physiographic Types, folio i. United States Geological 
Survey. In the latter Sun Prairie is taken as the type. 
New York teachers, and indeed all, may well secure the 
maps of the great drumlin area south of Lake Ontario, 
and mount them also in a group. Seventeen sheets are 
required to take in the whole area, and most of these 
have been published, but two are not yeit available. The 
Pultneyville, Sodus, Oswego, Fulton, Palmyra, Clyde, 
Weedsport, Baldwinsville, Phelps, Geneva, Auburn, and 
Skaneateles make a compact rectangle, to which the Mace- 
don and Canandaigua can be added at the west and the 
Syracuse and Tully at the east. Whether the Wisconsin 
or New York area is studied, the points of inquiry are 
similar: the shape and height of the hills; their trend 
as showing direction of glacier movement; their varia- 
tions in height, length, etc., as along Lake Ontario, and 
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on the Bouthero border of the belt; the number on a 
^iven area; the ioterruptioii of drainage^ the ponds and 
marshes due to their presence. The drumUns of Boston 
Harbor Bhould be cont^idered, especially by New England 
IteacherSj and all local examplesj wherever found. What 
is the relation between drundiiis and the dnimlinoid hills 
of a ghicdated region? The latter are often very high 
land massivej and are composed of the bed-rock^ barely 
Teneered with drift. The resemblance is therefore in 
form, the same agent working on dilTereut material. 

141. Map study of lakes, Plymonth sheet, Massachn- 
setts^^Many other sheets would serve as well and may be 
preferred for local character. If Plymonth is taken, note 
the relation of the area to the moraine belt of southern 
New England^ and let the student observe the irregular 
form and distribution of the ponds and their great num- 
ber. It is a simple but useful exercise to reckon the num- 
ber of square miles of land surface in the quadrangle and 
count the ponds which it contains. Other sheets with 
many lakes may be compared so far as time permits. Fine 
examples are found in the Adirondacks, as the Paradox 
Lake sheet, 

Chapteh VII3 Plains 



REFERENCES 

Elementary Physical Geography. Davis. Pp. 141-163. 

Giun. 
Phy steal Geograpliy of New Jersey. Salisbury. Vol, it. 

Final reports. Geological Survey of Kew Jersey. 
Coastal Pfam of the CaroUnas. See Cobb and Glenn, 

Journal of School Geography, vol. i, 256, 300, and ii. 

For somewhat fid] accounts of the Chesapeake Bay and 
Fall Line region see papers by McGee in Seventh and 
Twelfth Annual Reports, TJnited States Geological 
Survey* 
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The High Plains [east of the Kocky Mountains] and their 
Utilization, U. D. Johnson. Twenty-first Annual Re- 
port, United States Geological Survey, part iv. 

Davis, King, and Collie. Use of Governmental maps in 
schools, pp. 10-15. 

Old Virginia and her Neighbors. John Fiske. Many in- 
structive references to influence of natural conditions 
in " tidewater Virginia." 

Physiographic Regions of the United States. Powell. In 
National Geographic Monographs, now issued as Phys- 
iography of the United States. American Book Co. 

LABORATORY EXERCISES 

150. Map study of the Atlantic coastal plain. — Fig. 
44 may serve for a beginning. An arm of the Chesapeake 
is at the northeast. All altitudes are small, roads run on 
the inter-stream areas instead of following the rivers. 
The streams are tree-like, for the beds of soft rock are 
nearly horizontal and do not guide the course of the 
waters. A most useful map for class or laboratory use 
is made by grouping several sheets embracing a large part 
of Chosapoake and its bordering lands and mounting them. 
It (?an then be described in some detail by the student, 
with note-book record. The sheets needed are Brandy- 
wine, Prince Frederick, Sharps Island, Wicomico, Leon- 
ardtown, Drum Point, Mt. Ross, Piney Point, and Point 
Lookout, all in Maryland. See also A Coast Swamp, 
Topographic Atlas United States, Physiographic Types, 
folio ii. The area named by Davis, King, and Collie as a 
type is that of the Glassboro sheet, New Jersey. See D., K., 
and C, p. 10, for suggestions. See also, for further hints 
on the study of this sheet and other parts of the Atlantic 
coastal plains. Geography in the Horace Mann Schools, 
Dodge and Kirchwey, Teachers College Record, March, 
1901. Columbia University Press, Macmillan Co., agents. 
20 cents. • 
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lSg-155. Map study of lake plams,^ — The following 
sheets in the !t^iagara region : Niagara, Tonawandaj Lock- 
port^ Wilson, Oleott. The series may be continued east- 
ward if desired. iShow the o3d lake bottom ( Iroquois j 
8e€, 144 and Fig, 113) with the Iroquois shore line; and 
south of the last, the Niagara escarpment, followed by 
the Niagara plateau. This low plateau^ however, was 
Hooded in an earlier and higher stage of the Great Lakes, 
We may thus truly regard the whole of these sheets^ ex- 
cept for the escarpment and the Niagara Gorge, as repre- 
senting lake plains. Note wide spacing of contours, slug- 
gish streams, and any other features. The lacustrine 
soils and softer climate have made this a region of fruit 
and grain. In a similar way the Fargo sheet, showing 
part of the bottom of Lake Agassiz, should be studied 
(see p. 156). The Tooele Valley sheet, Utah, may also be 
used. On this consult Davis, King, and Collie, p, 13, 
and Gilbert's Lake BonneviUe. The map in the pocket of 
the last shows these plains more broadly. Lake Bonne- 
ville is described in See, 154, p» 160, and See. 156. 

River plains. — If suffieient attention has not been 
given to delta plains, under Rivers, the subject may be 
resumed here with any available maps. Marysville, CaL, 
is named by Davis, Tviutr, and Collie^ p* 11. 

159-1 GO. Prairie plaini and the Great Plains, — Any 
available maps may be used. They are in great number 
wherever the surveys have been carried on, and sliould be 
chosen with reference to the home State or locality. Thus 
■ in Illinois the La Salle sheet, of which a part is shown 
in Fig. 11, gives an interesting combination of the river 

» plain and of the prairie plain, which, as the text ex plains j 
is of more complex oripn. The Physical Qeography of 
ike Texas Effjion should be studied for the plains of that 
State. (Hill, folio iii, Topographic Atlas of the United 
States.) 
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Chapter VIII, Mountains and Plateaus 

REFERENCES 

Various text-books of geology and physical geography. 

Earth Sculpture. J. Geikie. 

Mechanics of Appalachiari Structure. B. Willis. Thir- 
teenth Annual Report, United States Geological Sur- 
vey. Gives account of folds produced by laboratory 
experiments. 

The Northern Appalachians. Willis. In Physiography of 
United States. American Book Co. 

The Southern Appalachians. Hayes. Physiography of 
United States. 

The Scenery of Switzerland. Lubbock. Macmillan. 

The Scenery of England. Lord Avebury (Lubbock). 

Scenery of Scotland. A. Geikie. Third edition. 

Mountains of the Great Basin, or '' block ** type, due to 
faulting. Consult paper by I. C. Eussell, A Geological 
Reconnaissance in Southern Oregon, Fourth Annual 
Report, United States Geological Survey, pp. 435-464. 

Colorado Plateaus. Powell's Exploration of the Colorado 
River, and Button's Tertiary History of the Grand 
Canyon District. The last is accompanied by an atlas 
and forms Monograph II, United States Geological 
Survey. Other reports of western geological surveys. 
These are too numerous for mention in detail, but 
should be sought in libraries as teachers have oppor- 
tunity. Such are reports of the Fortieth Parallel 
Survey, the ^Yheeler Survey, Button's High Plateaus 
of Utah, and Powell's Uinta Mountains. 

Works of travel should be consulted for mountain scenery 
and mountain life. Supplementary reading in such 
volumes will naturally follow the references which deal 
with the origin of mountain forms. Appalachian 
Ridges, Ozark Ridges, Ozark Plateau, Hogbacks, Topo- 
graphic Atlas, United Statesi Physiographic Types. 
Gannett. Folio ii. 

SUPPLEMENTARY EXPLANATION 

Plateau, a French word meaning something flat, was 
first used in geography for a table-land or upland plain. 
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but is now applied also to broad uplands on which there 
are mountains. 



LABOHATOBT EXEECISES 

163-164. ^Profile and structure of the Eooky Moun* 
tains in Colorado* — Have profiles eonstmcted across the 
region t^howo in Fig. 123. Use a base line to represent 
the sea-levelj and take the following altitudes for data: 

Altitude of Great Plains east of the range, 5^000- 

6,000 feet. 
Altitude of the inter*niountain valleys^ South 

Park, etc., about 8,000 feet. 
Altitude of highest summits^ about 14,000 feet. 

Construct profiles along the paraDcls of Denver^ Colo- 
rado Springsi, and that of San Luis Park and San Juan 
Mountains. A complete geological section is not here 
meant, but the profile of the i^nrfaco. Tho npturniiig of 
, the strata at the base of the ridges should be further 
in the Topographic Atlas of the United States, 
Phymo graphic Types, Gannett, folio ii^ Hoghacl:!?. 

165. The Colorado plateaus.— Button's Tertiary/ His- 
iory of the Orand Cawyon District and PowelFs Explora^ 
Hon of the Colorado River may bo used for any amount 
of supplementary study that time allows. More specific- 
ally, use group of sheets as follows: St. Thomas, Mount 
Truiuhulh Kaibah, Echo Cliffs, Camp Mojave, Diamond 
Creek, Chi no and San Francisco Mountain sheets, all of 
Arizona. These should he mounted together and the sur- 
face studied and described in the note-books in detail. 
Observe particularly altitudes, slopes of surface, escarp- 
ments and their character, and dissection of canyons. 

ir>G. Great Basin topography. — Fig. 129. Use for 
fuller fitndy and oxplauatinn of Great Basin stnieturc 
the Oregon paper by Russell, given in the list of references 
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for this chapter. Also Gilberts Bonneville, p. 6, and 
Gilbert, Wheeler Survey, iii, 21-42, or any one of the 
above three references that is available. Text-books of 
geology should be consulted if the fault is not clearly 
understood. See also Davis, Elementary Physical Geog- 
raphy, 178-181. Further hints also in Geography in 
Horace Mann Schools; Dodge and Kirchwey, March, 1902, 
93-94. Study such sheets as Tooele Valley, Utah, and 
Disaster and Granite Eange, Nevada. Bring out in the 
Qtudy the linear character of the ranges, the waste plains 
and lake bottom deposits of the valleys, and the unsym- 
metrical slopes of some of the ridges. The last feature 
appears in Disaster sheet, as in Pine Forest Mountains 
and north and south of Thacher Pass. Make profile along 
the parallel of 41° 45'. 

167. The physiography of California. — Points to be 
studied: the Sierra Nevada, the Great Valley, the Coast 
Eange, and the abrupt descent down the west slopes of 
the last to the sea, without the intervention of a coastal 
plain. Fig. 129 will serve as the basis for drawing a 
rather general cross profile, including the ranges and val- 
leys of i\\Q Great Basin as well as the great features of 
California above named. In this connection consult 
Topographic Atlas of the United States, Physiographic 
Types (folio ii, Gannett), Alluvial Cones, This sketch 
gives the explanation of much of the floor of the central 
valley. Note that in profile, as in photograph of the 
model (Fig. 129), the Sierras have a bold eastern front 
and a more gentle slope on the west. 

169. Study of the Mount Marcy sheet, Adirondack 
Mountains, New York. — Detailed description of entire 
area as to {a) relief, and (&) drainage. Study the trend of 
the ridges, their height, and the altitude of the main val- 
ley floors. Make cross profile through Mount Marcy and 
Upper Ausable Lake, horizontal and vertical scale the 
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same. Analyze the drainage^ in connection with a map of 
the State, assigning each part to its proper drainage 
gystem. With tracing-paper reproduce the drainage lines 
on a separate sheets and note the prevailing trends. Com- 
pare other Bummits with Mount Marcy, and estimate the 
average altitude of the whole area, 

170. Appalaohian folds.^Folds may he reviewed in 
text -books of geology if their natnre has not been suflfi- 
eiently brought out in the class exercises on the text. 
For the resulting topography have copies of the Harria- 
burg sheetj Pennsylvaniaj sufficient for the class or the 
laboratory division. Here we have a section of the Ap- 
palachian Valley east and west of Harrisbiirg, Blue (Kit- 
ta tinny farther east) Mountain^ and other ridges to the 
northward. Study the trellis ing of the drainage, and 
make list of the streamSj as transverse or longitndinah 
Make a profile crossing the ridges at right angles. Also 
construct a profile of the water gap cut by the Susque- 
hanna through Blue or Second Mountain. The following 
Bheets should be mounted in a group and used for extend- 
ing the study over a wider area : Sunhury, ShamoMUj Cata- 
wissSj Millcrsburg, Lykens, Pine Grove, Harrisburgj Hum- 
melstown, and Lebanon, all in Pennsylvania. 

173. Alleghany plateau.— (a) Use the Catskill and 
Kaaterskill sheets, licw York, The two take in the 
Hudson River and its lowland^ the Catskill escarpment, 
and part of the Catskill plateau. Have the sheets studied 
in some detail, but with special reference to the plateau 
and its eastern front. Consider the Kaaterskill and 
Plaaterkill cloves, and the headwaters of Schoharie 
Creek. Note Plateau Mountain as a remnant of the up- 
land. Compare the contoured map with the representa- 
tion by shading, in Fig, 9. Use contoured map to con- 
struct the east and west profile. 

(h) Use the Chattanooga and McJIiMville sheets^ 
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Tc^iuioHHoe. Note the main escarpment of the Cumberland 
jihilniu running from the upper right-hand comer of 
(^hiittiinooga Hheot, southwestward. Its altitude and the 
brcakH duo to orosiou are points to be observed; also 
L<i<)koiit Mountain as a spur of the main mass to the 
wrHtwiinl. It uould be well to have the Ringgold sheet 
to nhow (*\t(*nsion of Lookout Mountain southward. Study 
\\w phiiiMiu Hurface and note the arrangement of drainage. 
ScM|uiil( hit* Valley is a longitudinal valley opened on a low 
aiilicliiiMl fold. Hoyond it the plateau is resumed. Con- 
Hiill lluyt^H, I'Infsiofjraphy of the Southern Appalachians, 
ill l^hjfHiotjniphy of the United States, American Book Co. 
(Simpjirp tlio nluvt with Fig. 133. The figure shows more 
of Lookout Mountain, but takes in less territory to the 
north. It will Ix* found of interest to state that Mr. How- 
rll, the* nuikcr of tlio modol shown in Fig. 133, has con- 
HtriU'tcd for iho War Department a large model of this 
re^ti^n, which (exhibits also all the military movements 
which took plac(^ hero during the civil war. The McMinn- 
villc nlicet represents a typical area of the plateau and 
hIioiiM he bric'fly described, noting especially its uniformity 
of general surface, and its characteristic arrangement of 
<lrainage. 

(r) Use a group of sheets showing the much dissected 
part of the jdateau in West Virginia. The sheets are 
('harl<»si()n, Kanawha Falls, Nicholas, Oceana, Ealeigh, 
and llinion. Duplicates of one of these sheets will suffice 
for individual use in the exorcise, but the group should be 
ni()unt(»d rnd used to show in part the extent of such sur- 
face. Rmall areas of the drainage may be drawn with 
tracing paper. The trunk valleys should be studied with 
secondary, tertiary, or more minutely divided members 
of the drainage system. 

170, 173. Make a northwest by southeast profile across 
the Appalachian Valley, the Cumberland plateau, and the 
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old in oun tains on the southeast. Choose a line Dear the 
Little Tennessee or French Broad River. Use for this 
the shaded map in Hayes's Southern Appalachians, pp, 
306, 307, Supply altitudes from text of Hayes's paper^ 
or from topographic sheets ^ or other available sources, 

174. Study of the Matterhom, with any materials ac- 
cessible to the student. Its general form, its angles of 
slope^ the hanging glaciers on its lower slopes, and its sur- 
roundings — peaks and glaciers- — are points of inquiry. 
Use notes of travelers, gnide-books, accounts of ascents 
and photographic or other views. Make it the center 
L for outlining the main features of Swiss mountain ranges. 
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REFERENCES 



Any tert-books of Geolog}* and Physical Geography. 

Volmnoes. Judd. Ijiternational Sckniifie Series, Ap- 
pleton. 

Volcanoes of North Anieriea, I, C. RusselL 

Vesuvius. John Phillips. Often to be obtained of dealers 
in second-hand books. 

Vesuvius, Etna, and Other Volrjinoes^ Ly ell's Principles 
of Qeoloijy, Eleventh edition. Appleton. 

Characterisiies of Volcanoes, Dana. T>odd, Mead & Co. 
Deals largely with Hawaiian a^oI canoes, 

Hawaiian Volcanoes. C. E. Dutton in Fourth AnnuaJ 
Report United States Geological SurvBT^, 

Mount Shasta. Diller in National Geographic Mono- 
graphs, Physiography of the United States. American 
Book Co. 

A Young Volcanic Mountain. (Mount Shasta.) Topo- 
graphic Atlas of the United States. Folio i. Gannett. 

Crater La Ice. Diller, National Geographic Magazine^ viii, 
33, or Journal School Geography, i, 26f>, isdl. 

A Crater. (Crater Lake.) Topographic Atlas of the 
United States^ Folio ii. Gannett. (Maps, views, and 
description.) 



58 TEACHERS* GUIDE IN PHYSICAL GEOGRAPHY 

Lava Sheets and Mountains of the Connecticut YalU'jj, 
The following are somewhat technical but will repay 
careful study, especially by New England teachers: 

The Triassic Formation in Connecticut. W. M. Davis. 

Eighteenth Annual Report United States Oeolog- 

ical Survey, part ii. 
Geology of Old Hampshire County, Massachusetts. B. 

K. Emerson. Monograph XXIX^ United States 

Geological Survey, pp. 351-501. 
Volcanic Peaks, Plateaus, and Necks. Topographic Atlas 

United States Physiographic Types. Folio ii. 

Gannett. 
Martinique number of the National Geographic Magazine, 

July, 1902. 

SUPPLEMENTARY EXPLANATION 

The word volcano is from the Latin. In Eoman 
mythology volcanoes are workshops of Vulcan {Vulcan- 
us)y the god of fire and blacksmith god. 

LABORATORY EXERCISES 

185. Mount Shasta. — Use Fig. 144. See references 
above, especially Diller's Mount Shasta and Gannett's A 
Young Volcanic Mountain. Desirable to have several 
copies of Mount Shasta sheet for detailed study of all 
features. Make profile with same horizontal and vertical 
scale, and compare with profile in Fig. 144. Have de- 
scription of glaciers written from the map before the 
student reads the descriptions in the text to which refer- 
ence is made. Compare profile with Vesuvius or any other 
cone available in pictures or models. Study the gorges 
on the slopes of Shasta. Bring out the distribution of 
surface streams as controlled by the glaciers, none flowing 
west or southwest. N*ote also the subterranean drainage 
between the foot of the glaciers and the head of the surface 
streams. 
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187. Liljrary study of the eruptions of 1902 m tlie 
West Indian islands. — FoUowing thti eruption of Mount 
Pelfe and other disturbances, numerous accounts are 
found in all news journals and most weekly and month- 
ly periodicals. Files for the summer of 1902 will 
yield abundant material for reports and essays by the 
student, 

189. Lava sheets. — The Mount Tom-Holyoke range in 
Massachusetts and the Palisades ridge of the lower Hudson 
Eiver may be studied. The sheets needed are the Belcher- 
town, Northampton J and Springfield, Massac husctts^ the 
Tarr}i:own and the New York and vicinity. (The latter 
m a special mapj four times the regular size, 20 cents.) 

Kjet the general topography be described, with special at- 
Itention to the form and trend of the ridges. Profiles 
' should be constructed to emphasize the unsymmetrical 
character of the laya ridges, contra^sting the dip slope on 
the east of Mount Tom with the retreating escarpment 
formed by its western edge. Similarly for the Palisades 
we have the dip slope on the west and the escarpment 
forming the Palisades bluffs. The teacher will understand 
by study of Davis and Emerson (references) the mean- 
mg of the New England peneplain, and thus be able to 
aid the student in following the story of the origin of 
ridges by denudation, and to explain how the Con- 
eeticut has been able to cut through the range near 
Northampton, 

190. Crater Lake.^ — Materials needed are Figs. 153, 
153 of the textj and several copies of the Crater Lake 
Bpecial sheet, Oregon, Consult A Crai&r in TopograpMc 
Atlas, United StaUs Phf^sio graphic Tjfpes, Gannett, frdio 
ii. Two photographic views are also reproduced w^iich 
'may be studied in connection with the hird^s-eye views of 
the text'book. See also Diller's papers noted in the list of 
referenced on volcanoes. Have the student describe in 
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detail the topography and make profile of the remnant of 
the mountain and the basin, including a dotted profile of 
Moimt Mazama. 



Chapters X and XI, The Atmosphere 

REFERENCES 

Elementary Meteorology. W. M. Davis. Ginn & Co. 
Best book for general consultation. Answers all ques- 
tions likely to arise in the study of the text. 

Practical Exercises in Elementary Meteorology. Kobert 
DeCourcy Ward. Ginn & Co. Indispensable. Best 
guide to the teacher in laboratory instruction. Non- 
instrumental and instrumental work, map exercises, 
weather forecasting. Suggestions to teachers, outline 
of equipment, etc. 

Elementary Meteorology. Waldo. American Book Co. 

Popular Treatise on the Wiiids. William Ferrel. Useful 
to the teacher, too difficult for elementary students. 

About the Weather. Harrington. Appleton. 

Meteorology. Thomas Eussell. Macmillan. Contains 
full accounts of floods in United States and their pre- 
diction. 

American Weather. Greeley. Dodd, Mead & Co. 

Atlas of Meteorology. Bartholomew. Lippincott. Ex- 
pensive but of great value. 

Illustrated Cloud Forms. Text and colored chart. United 
States Hydrographic Office, Washington, D. C. 

Rainfall of the United States. Harrington. United 
States Weather Bureau, Bulletin 6, 1894. 

Three pamphlets on observations and use of instruments, 
United States Weather Bureau, as follows: 
Instructions for Voluntary Observers, 1899, pp. 23. 
Barometers and the Measurement of Atmospheric 

Pressure. C. F. Marvin. Pp. 74. 
Instructions for Obtaining and Tabulating Records 
from Recording Instruments, 1898, pp. 31. 

Monthly Weather Review. Edited by Cleveland Abbe. 10 
cents per copy. United States Weather Bureau. 
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•^^or otlier bulletins and tliarts of United States Weather 
Bureau see Ward^ Practical Exercises^ etc., pp. liJlj 

^Umsntary Meteorology. J, M. Jameson. Journal School 

Qeography, ii, ^D, 56-()2, 96-1U4, 139-146. 
Equipment of a Meteorological Laboratory. IL DeC* 

Ward. Journal School Geography, iii, 241-350. 
Weather Map Exercises . M. S. W, JelferBon. Journal 

School Geography J v^ 51-59. 
Laboratory Work in Elementary Physiography, R. H, 

Cornish. Journal School Geography, i, 204r-207, 
Geography z/i ike Horace Mann Schools. Dodge and 

Kirt'hwey. Teachers' College Record^ March^ 1901^ 77- 

H5. 
Geographical Laboratory Work in Worcester Academy, 

W, H, Snyder. Journal School Geography . llh 368- 

375, 
United States Coast and Geodetic Survey. Annual Re- 
port for ISSO. Appendix V. Charles A. kiichott. 

Gives a Bnmniary account of Map ProjeetionSj with 

a special discussion of the Polyeonic. 

rP APFABATUS 

Full directions are given in Ward's Practical Exer- 
cises in Elementary Meteorology j Appendix B^ pp. 186- 
188* As suggested by the same author^ the following in- 
struments will suffice for elementary observations. {Prac- 
tical Exercises^ pp. 11-^6,) 
Ordinary thermometer* (United States Weather Bureau 

pattern, $2.75.) 
Wind vane* (United States Weather Bureau pattern, 

$10.) 
Bain gage. (United States Weather Bureau standard, 

$5,25.) 
Mercurial barometer. (United States Weather Bureau 
standard, $30 or $33.) Wew form especially for school 
use; L. E. Knott Apparatus Co,, 14 Ashburton Plaee, 
Boston, Mass., $5.75. 
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Blank weather maps (maps of the United States with. 
all regular Weather Bureau stations indicated) may be 
bought from the United States Weather Bureau, Wash- 
ington, D. C. Form C. — Size, 23 X 16 inches; suitable 
for use of teacher before class ; price, 75 cents per 100 or $7 
per 1,000. Form E. — Size, 10 X 7 inches; suitable for use 
of students; price, $1.55 per 1,000. More advanced work 
will require maximum and minimum thermometers, wet- 
and dry-bulb thermometers, and anemometers. For con- 
tinuous records, the thermograph and barograph must be 
had. But the four instruments named above will do well 
for such a course as is given in our text. Additional 
firms for the supply of such instruments are H. J. Green, 
1191 Bedford Avenue, Brooklyn, N. Y., and Queen & Co., 
Philadelphia, Pa. 

SUPPLEMENTARY EXPLANATIONS 

199. Humidity. — The amount of aqueous vapor actual- 
ly present in a body of air is called its absolute humidity. 
It is expressed either as the weight of vapor in a unit 
volume of air, or as the pressure or elastic force of the 
vapor. The relative humidity is the ratio of the vapor 
present to that necessary to saturate the air. They are 
so related that when one is known the other can be com- 
puted, provided the air temperature and pressure are also 
known. For certain purposes the absolute humidity is the 
important factor, but in the current work of the Weather 
Bureau the relative humidity only is used. 

199, 200. Measurement of humidity. — In the daily 
work of the Weather Bureau the humidity of the air is 
measured at each station. The instrument used is a psy- 
chrometer, consisting of a pair of thermometers, one of 
which has its bulb wrapped in wet muslin. They are 
called the dry-bulb and wet-bulb thermometers. Evapora- 
tion from the wet muslin has a cooling effect, so that the 
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thermometer roailg lowePj and this cooling effect 
f greater when the air is dry than when it is moist. The 
g$ of the two thermometers thus afford a measure 
relative humidity and also of the dew-point. The 
table, condensed from Davis, shows (R, H.) the 
ive hLuiiidit3% in perccntagesj and (D. P,) the dew 
in degrees J for each 10"* of air temperature (dry- 
thenuometer reading) , and each 2** of difference 
the read Inge of dry- and wet-bulb thermoine- 
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210. Tie wanning of the atmosphere, — Two other fac- 
tors are eonecrncd in the warming of different parts of the 
atmosphere. (1) Air warmed near the ground is ex- 
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paneled and tends upward, so that heat is carried up by 
the circulation of the air. (2) In the process of evapora- 
tion heat is consumed or stored away in such form as not 
to be manifest in temperature, and this "latent" heat is 
liberated when condensation takes place. Thus part of 
the sun's heat applied to the ground is given to the air 
in the formation of clouds and rain. These factors com- 
bine with "dynamic heating" (Sec. 215) in determining 
the vertical distribution of temperature. 

211. Haximnm and TniTn'Tmini thermometers. — In the 
example given of hourly observations the highest tem- 
perature recorded was 34°, and the lowest 23°, but be- 
tween the hours of observation the temperature may have 
risen or fallen beyond these limits. Special thermometers 
have been devised to record automatically the maximum 
and minimum temperature, and these are used in fully 
equipped observatories. They are in pairs and are placed 
with their tubes nearly horizontal. One tube has a con- 
striction near the bulb, slightly obstructing the movement 
of the mercury. When the mercury expands it is forced 
up the tube in the usual way, but when it contracts the 
column breaks at the constriction, and the upper part re- 
mains to record the highest temperature reached since the 
last setting. A slight jarring unites the parted column. 
The other thermometer contains alcohol instead of mer- 
cury, and within the alcohol in the tube is a short pin, or 
slide, called the index. By inclining the tube the index 
is made to slide to the head of the alcohol column, and the 
instrument is then set. As the liquid contracts from cold 
the index is carried down with it, but when the liquid ex- 
pands it flows past the index, and the position of the in- 
dex thus shows the lowest temperature since the last set- 
ting. Usually the pair of thermometers are set once a 
day and are thus made to record the highest and lowest 
temperature in twenty-four hours. 
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Sltj. EeductioE of temperatures to sea4evel»^Uu 
Pikes Peak (altitude 14,111 feet) the mean teiuperature 
Is 19.4°, Colorado Springs, at its base (altitude 6,073 
feet) has a uiuau temperature of 47.^°. The diJference is 
chiefly due to difference in height. If isotherms were 
drawn of the surface temperatures of the State of Colo- 
rado they would follow around the mountain slopes so as 
to resemble contours of altitude. The same remark ap* 
plies to all mountainous regions^ and even to some lauds 
of moderate relief. Such maps of surface temperatures 
are valuable, especially for showing climate, but they fail 
to bring tmt the control of temperature by the relations 
of land and water, and by ocean currents. Fox world maps 
it is better to make allowance for altitude and bring all 
teniperatures to a .sea-level basis. 

217, Projections. — In the ctjUndric pro lection the 
earth is conceived to be circumscribed by a cylindrie sur- 
face tangent to it at the equator. From the center of the 
sphere straight lines are run to points on its surface and 
continued to the cylinder, and details of the earth's sur- 
face are thiis projected on the cylinder, making a map. 
The eylinder is then conceived to be divided along a line 
parallel to its length and unrolled, or developed, becom- 
ing a flat surface and still bearing the map. 

The Mermtor projection closely resembles the eylin- 
dric, but differs in the fact that its parallels are so spaced 
that at each point of the map the scale of distances is the 
same for bII directions. 

Tu a conic projection the earth is conceived to be eir- 
cnmseribed by a cone, tangent at some parallel of latitude, 
and the map is projected on the cone by straight lines 
from the center of the earth, after which the cone is di- 
vided and developed. 

In the pohjconie projection each parallel of latitude 
is separately projected^ as though upon a cone tan- 
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gent to the earth in that latitude. The construction 
is othenvise too complicated to admit of a simple de- 
scription. 

Most modern maps are framed on one of these three 
plans, but for special purposes a number of other projec- 
tions are used. It is the practise of map-makers to lay out 
a system of parallels and meridians with great care, and 
use them as a framework, to which all other parts are ad- 
justed. 

230. Deflection of winds by rotation. — The law under 
which the trade-winds and " westerlies " are turned from 
their northward or southward courses applies to all moving 
objects on the earth's surface and is quite general in its 
character. Eivers of the northern hemisphere press their 
right banks. A railway train on a straight track presses 
the right rail. When a cyclone is formed, or a whirlwind, 
the initial impulse of the air is directly toward the center, 
but each element is deflected to the right (in the northern 
hemisphere), and thus all unite in a spiral, whirling mo- 
tion about the center, circling as they ascend, somewhat 
as the water about a whirlpool circles in descending. In 
the northern hemisphere the northern part of a cyclone or 
whirlwind swings westward and the southern part east- 
ward, the rotation having a direction opposite to that of 
the hands of a watch or clock. In the southern hemi- 
sphere their rotation has the same direction as the hands 
of a watch. 

Words. — Some new words grow into being by the grad- 
ual modification of old words. Others are coined outright 
to express new ideas. The method of coining words from 
classical materials is well illustrated by thermometer, 
barometer, isotherm, and isobar, which are built from four 
Greek words, thermos (warm), bariis (heavy), metron 
(measure), and isos (equal). 

The names of clouds are Latin. Cumulus, a heap, 
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cirruSy a curl, and siraiuSf a coverlet or layer^ refer to 
form; nimbus means rain. 

Centigrade is from the Latin cenium (hundred) and 
gradus (etep^ degree), and refers to the division of the 
space between the freezing- and boiling-points of the ther- 
mometer in to one hundred parts. The Fahrenheit scale 
is named from a German physieistj Gabriel Daniel Fah- 
renheit, who devised it. He invented the mercurial ther- 
mometer^ about 1714. 



LABORATORY EXERCISES 

Obserratioiis of the weather.— (303, 207, 211, 216, 
218-220.) Systematic observation of the weatlier should 
be begun early in the course instead of being delayed nntil 
the chapter on the atmosphere is reached. To arouse in- 
terest in those weather elements which directly affect the 
senses it is necessary only to draw attention to them, and 
a course of observation will advantageously prepare the 
way for the explanations of the text-book. 

Having selected a time for daily attention to the snb* 
jectj begin by questioning the class as to the present 
condition of the weather, the relation of this to the con- 
dition twenty-four hours earlier, and the prevalent con- 
ditions during the twenty-fonr hours. Is the air hot, 
warm, cool, or cold ? Is it warmer or cooler than yester- 
day ? What changes have occurred since yesterday at this 
time? Ask similar questions as to precipitation, cloudi- 
ness, movement of clouds, strength of wind, and direction 
of wind. 

As a second step^ have each scholar make a daily record 
of the weather. Select certain definite elements, have 
columns arranged for them, so that the same features may 
be followed from day to day, and have a column for gen- 
eral notes. 

The use of inetriiments follows, the order of impop- 
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taiur iHMiig: the Iherinomcter; the rain gage, the wind- 
vanr, tln' lianmieter. On an oi)en prairie there is little 
iKvd of a wind-vane; in a city, where the need is greatest, 
I'ithcr a vjiiu* or a high flag is usually visible from some 
(•(HivrnifHt |)t)int. 

SoiMf acfount of modes of observation is given below, 
undiT th»' appropriate section headings, but the teacher 
sh<ni](l avail liimself of the fuller instructions contained 
ill Ward's Practical Exercises in Elementary Meteorology, 

Near the end of the work on the atmosphere, visit, if 
pra{ti(ai)l(», one of the stations of the Weather Bureau. 

lI)!)-2()(). Dew. — On a cool day evaporate much water 
in a warm room and observe the dew or frost gathering on 
the window-panes. The warm air becomes nearly satu- 
rated, so that siituration is completed by a little cooling 
against tlio window. On a warm, moist day fill a pitcher 
or tumbler witli ice-water, and observe the dew forming on 
the outside. Set a cup of hot water and a glass of ice- 
water on a table and cover them with a bell glass (or box) ; 
after a time observe the dew on the glass. 

On a still, clear evening, after rain, when dew is to 
be expected, lay a board on a la^^-n ; support another board 
above the grass at a height equal to the width of the board ; 
and stretch a piece of cloth above the grass. In the morn- 
ing observe the presence or absence of dew on the boards 
and cloth, and on the grass under them. Endeavor to ex- 
plain the occurrences. 

201. Clouds. — Note and name the kinds of clouds in 
the sky. Note what proportion of the whole sky is cov- 
ered. Note the direction in which the clouds move, and 
whether their movement is slow or fast. 

Watch individual clouds, and observe that they change 
shape (1) by motion of the air; (2) by growth, the en- 
largement of the field of condensation; (3) by dissipation. 
Observe cumulus clouds, growing beneath while dissi- 
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patiiig above* Observe a steam jet condensing to cloud 
as it cools by radiation and by iningliog with air, and 
see the cloud waBte away as further mingling enables the 
air to absorb all the moisture. !N^ote the slower wasting 
on days when the air is humid. 

203. Observation of rain. — Establish a rain gage and 
have daily ineasurements of rainfall. The standard gage 
is described by Ward (p. 15). A deep bucket with ver- 
tical sides may be used^ and the depth measured by insert- 
ing a small rod at the middle and noting how much is 
wetted. To make a more precise measurement^ pour the 
water into a narrower cylindrie vessel^ measure the depths 
and divide the result by the ratio of the greater cross- 
section to the less. 

207. Observation of temperature. — Have the class prac- 
tise reading the t he nuo meter. Train them to take the 
precautions necessary for precision ; to avoid warming the 
bulb with the hand ; to have the line of sight normal to 
the scalCj so that the top of the mercury will not be pro- 
jected too high nor too low; to interpolate^ by eye esti- 
mate, between the markings of the scale. Install a ther- 
mometer on the north side of the buildings where it can 
be read through the window^ and protect it against the 
direct rays of the sun (Wardj p. 13). Use this for regular 
observations of outdoor temperature. 

Test the freezing points of thermometers by putting 
them in a mixture of water and crushed ice. Take the 
' temperature of boiling water also, if the seale reads high 
enough J but remember that if the tube is too short the 
heat win cause the mercury to hurst it. Observe the tem- 
perature in different parts of the room — near the window^ 
floor, ceiling. Explain the ohi^^erved differences. 

To convert centigrade degrees to Fahrenheit degrees 
multiply by l.S and add 33; or (to use an arithmetic short- 
cut) double, subtract a tenthj and add 33, To convert 
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Fahrenheit degrees to centigrade, subtract 33 and divide 
by 1.8. Give the class exercises in these conversions. 

211. Graphic records. — The diagram used in this sec- 
tion to show the march of temperature is an example of an 

important class and represents 
a general method of graphic ex- 
pression. Horizontal distances 
(abscissas) here stand for time, 
and vertical distances (ordi- 
nates) for temperature; but ab- 
scissas and ordinates may rep- 
resent any other variable quan- 
tities. Drill the class in mak- 
ing and reading such diagrams, 
and vary the subject enough to 
illustrate the wide field of the method. For example, find 
how many there are in the class of each age — 12, 13, 14, 
etc. — and have the 
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Pio. 10.— Graphic representation of 
the ages of members of a class. 



result expressed in a 
diagram. Again, let 
abscissas stand for 
parts of a year, as 
in Fig. 168, and or- 
dinates for the time 
of sunrise as shown 
by an almanac; the 
result is a curve show- 
ing the time of sunrise 
through the year. On 
the same sheet plat 
the curve of the time 
of sunset; then shade 
the spaces outside the 
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Fig. 11.— Graphic representation of the amonnt 
of day (unshaded) and night (shaded) in all 
parts of the year; computed for the latitade 
of New York. 



me spaces uutoiuic i-aiv. 

two lines, and the width of the unshaded space represents 

the length of the day as it changes through the year. Have 




some of the diagram sheets ruled ao coarsely that ijiterpo- 
lation will be necessary in platting the points. 

Plat into curves ail tiie weather elements observed by 
the class which admit of quantitative expression. 

210, Isotherms* — The study of the July and January 
isotherms may advantageously be earried much farther 
than it is in the text-book, especially if the students are 
led to discover the various features for themselves. The 
poBitions of the regions of greatest cold and greatest heatj 
the bending of isotherms along coasts^ and the crowding 
of heat contours when winter is on the land hemisphere, 
are among the features which illustrate the greater range 
of land temperatures as compared to oceanic. 

Obtain a supply of blank weather maps (Form E) 
from the United States Weather Bureau so that each 
student can have the use of several. They will be needed 
for various exercises to l^e mentioned later. Obtain also, by 
application to the Chief of the Weather Bureau (or from 
Ward-, p, 47) full reports of the temperatures and other 
weather data recorded at the regular stations of the Bu- 
reau, on several consecutive days. The data for a single 
day are given on pp. 72-76. Have the temperatures for 
one day platted on the maps, the numbers expressing the 
temperatures being written in small figures close to the 
several places. The next step is to draw among these num- 
bers ihe isotherm for a particular temperature, say 30°. 
It will pass through stations marked 30°, and pass among 
the other stations in such way that all marked less than 
30^ will be on one side of it and all marked more than 
30** ^vill be on the other side. It will be a curved line, 
and in passing between two stations will divide the space 
in the ratio of ibe differences of temperatures. Thus, in 
going between the numbers §9 and 33, it will pass three 
limes as fnr from the 33 as from the S9, Afterward 
draw the lines for 40°, 50% etc., and J30°, 10% 0% -10% 
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etc. These processes are elaborately explained by Ward 
(p. 51). 

With tlie aid of the isotherms the distribution of tem- 
perature should now be described in words. Point out 
the warmest regions, the coolest regions, the regions of 
most rapid change. Then draw the isotherms for the fol- 
lowing day, and by comparing the two, observe the changes 
which have occurred. 

It will help to bring out the contrasts in temperature 
if the regions coIi^t than some selected temperature, say 
30°, are distinguished by a shade, and if the regions 
warmer than some other temperature, say 60°, are given 
a different shade. But such shades should not be used if 
isobars are to be afterward drawn over the isotherms. 

Data for Weather Map of the United States, for 8 A, M. 
(Eastern Time), March. 1, 1902 
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20 


s. w. 


39.78 


58 


12 


S 


29.70 


56 


8 


s. 


29.68 


58 


Lt. 


s. 


29.72 


60 


8 


s w. 


29.74 


60 


12 


s. 


29.72 


68 


Lt. 


N. 


29.80 


74 


Lt. 


s. 


29.62 


48 


14 


s. 


29. eo 


58 


8 


s. 


29.76 


60 


8 


E. 


29.60 ' 


60 


Lt. 


S. E. 


29,60 


56 


18 


B. W, 


29,52 


58 


16 


S. W. 


29.50 


56 


6 


S. W. 


29.56 


62 


8 


S. 


29.52 


52 


6 


w. 


29.50 


38 


8 


s. w. 


29.48 


38 


10 


aw. 


29.58 


54 


6 


N. 


29.52 


02 


14 


S. w. 


29.58 


48 


8 


w. 


29. M 


56 


6 


s. w. 


29.64 


58 


8 


N. W. 


29.48 


44 


14 


s. 


29.50 


44 


10 


s. w. 


29,56 


46 


6 


s. 


29.54 


46 


10 


s. w. 


29.40 


42 


14 


s. 


29.34 


40 


14 


s. 


29.2^* 


36 


22 


s. w. 


29. as 


44 


12 


s. w. 


29.86 


42 


12 


s, w. 


20.44 


50 


10 


w. 


29.40 


48 


10 


s. 



.04 
.82 
.38 
.90 
.01 
.0 
02 
.0 
.14 
.14 



.04 



.08 



.04 
Trace 







.01 
Trace 













.06 
.01 

Tntee 
.14 

Trace 
.14 
.14 
.10 
M 
.18 
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Data for Weather Map of the United Statee (Continued) 



FUkOB. 



Lakf Htgion 

BiBsvtt, Ontaria 

Port Arthur, Ontario . . 
Pttrry Sound, Ontario, . 
Saugeen, Ontario. . , ,. , 
Oswego, N* Y. ....... 

HtK^liostcr^ N, Y ...... . 

Buffalo, N Y.....,,.. 

Ent5, Fa.., 

ClcvelaJid, Ohio 

Toledo, Ohio,,. 

Detroiti Mich, 

Alp«na, Mich. , 

Saiilt Ste. Mariet Mich . 

Houghton, Mich _ 

Marijuette, Mich 

EftcJiiiabu, Micih 

Gr^en Bay, Wis 

Grand Haven, Mioh, . . , 
MilT^Bukee, Wis 



ttucb«. 



In 



Chicago, 111 
Duluth 



Minn . 



tapper MinBtmippi Valhy 

St. Pftul, Minn 

Lft Crosjte, Wis 

Pu butane, Iowa 

Davenport, Iowa 

Pes Moines, Iowa 

Keokuk. Iowa 

Spriugfleld, UK 

St. Loiiis^t Mo 

Cairo, TU 



MismuH Valley 
Springfield, Mo. . , , ^ ■ 

Kaneas City, Mo , 

Wichita, Kan 

Concordirt, Kftn 

Omaha, Neb , 

Valentine, Neb 

<^ioux City, Iowa . . . * 

Huron, S Dak 

Pierre, S, D^k.,, = , . 



39.83 

20.04 
29.11^ 
2D. 30 

29.42 
2UM 

39.30 
%^M 
29,24 
29,32 
29.08 
29.00 
26.88 
28.^ 
38.93 
38.96 
29.04 
29.03 
39.10 
39.06 



29.06 
29,03 
29.10 
30,08 
29.22 
39.23 
39. 24 
29.80 
39.40 



39.158 
39,43 
39.54 
29.50 
29.34 
29.58 
29.30 
29. 4« 
39,64 






34 

10 
40 
38 
40 
44 
40 
48 
44 
40 
88 
36 
38 
30 
82 



84 
M 
84 

16 



18 
24 

30 
30 
24 

28 
33 
36 
40 



33 
26 
34 
33 
23 
30 
20 
U 
32 



Mll^ 

per 

lumr. 




33 
12 
16 
14 

8 
28 
20 
24 
18 
30 
14 
10 
U. 

6 
12 
13 
36 
10 
24 
24 



13 

10 
8 
16 
18 
18 
30 
34 
13 



16 
12 
14 
24 
30 
24 

ao 

36 
30 



Uou. 



W. 
8. E. 

S. 
S. 

a 

s. 
s, w. 

s. 

s. 
s, w. 

S. E, 
S. E. 

s. w. 

s. 
s. w, 

s. 
s. w. 
s. w, 

N, W. 



N. 

w, 
w. 
w. 
w. 

s, w. 

w. 

s. w. 

s. w. 



N. W. 
N. W. 
X. W. 
N. W, 
N. W. 
X. w, 
N, W. 
N. W. 
N- 



Preciplta^ 

fourhcvuTB 
(inciufsjn 



.10 
,28 
.18 
.06 
,70 
.33 
.16 
.10 
.03 
.04 
.06 
.14 
M 
M 
.48 
1,13 
.83 
.44 
.13 

.14 



.26 

.12 
.46 
.18 
.10 
.!6 
.08 
Trace 
.01 



.04 
.08 



.08 
Trace 
.08 
.13 
.30 



THE ATMOSPHEBE 



75 



Data for Weather Map of the United States (Continued) 



I 



I 



PlacIh 



Freflmire in 



Moorhertd, Minn. . . 
Bismarck, N, Dak. 
WiUiston, N, Dak 



Rocky Mountain Slope 

Battleford, Sask .,. . 

Havre, Mout 

Helena^ Mont. ..... 

Miles' City, Mont . ^ ..... . 

Kftlispell/ Mont 

LewistoD, Idaho , 

Pocatello, Idaho. ........ 

Boise, Idaho 

Rapid City* S. Dak 

Lander, Wyo, ........... 

Salt Lake City, Utah 

Modens, Utah 

Grand J miction, Col 

Cheyenne, Wyo 

Nonh Platte, Neb 

Denver, CoL ............ 

Aniariilo, Texas. ........ 

PiieblOj Col 

Dmlge, Kan ............. 

Oklahoma, Oklahoma. . . 

Fort Worth, Tcxhj^ 

Abilene, Texas. ......... 

El Pasn. Texas.......... 



29.43 
29.76 
%2M 



Santa F^. N. Mtix. 
Flagstaff, Ariz..,. 
YuinUi Ariz. ..... . 

PhcBntx, Ariz. . . .. 



Pari fie Vou»f 

Barkt^rville, B. Columbia. 
.Victoria, Brit. Coin m hi a. 
Kamlnops, Brit, Columbia 

S]jf)kunt% Wash 

Taeoina, Wusth ...,,.,... 

Pisrtland, Ore . , 

Rosobnr^. Ore. ........ . 

liftkerCity. Ore 

i 'jirso[i City, Xev. . . 

Winn&mucca, Nev, ..,,.,. 



Tem- 
perar 



8 
1(1 
10 



WM 


4 


39.96 


32 


29.93 


33 


g9,92 


24 


29.90 


m 


ao.cKi 


m 


80,04 


2H 


30.08 


32 


39.80 


24 


29:98 


12 


30.06 


30 


30.00 


33 


29.98 


24 


30. '28 


32 


39. SO 


28 


39.74 


36 


39.70 


30 


29.70 


28 


29.60 


32 


39,66 


36 


29.64 


42 


29.68 


44 


39,80 


38 


39.78 


24 


29.94 


83 


39.04 


42 


29.94 


40 


29.74 


20 


39.93 


40 


39. T6 


m 


HO. 00 


U 


39.98 


43 


ao.oo 


42 


80.02 


34 


30. (H 


34 


SO. 00 


22 


30,04 


32 



Atfles 
per 

hour. 



34 
13 



Lt. 
Lt. 
Lt. 

6 
Lt. 
Lt. 

6 
Lt. 
22 
Lt. 
Lt. 
Lt. 
[it. 
26 
38 
Ll. 
12 

8 
14 

8 

8 
13 

8 

§ 
Ll. 
Lt. 






8 

8 

Ll. 

Ll. 

Lt, 

Ll. 



Edrec" 
tlon. 



N. W. 

N. W. 
N. 



S. E. 
S. W. 
H. W. 

N. W. 
W. 

" s,* 

a E. 

N. K 

S. 

E. 
N. W, 

E. 
N, W. 
N. W. 

N. 
N. W. 

W. 

:n. w. 

N. W. 
N. W. 

N. W. 
W. 

N. 
N. 

E. 



s. w. 

8. 

E. 
S. E. 

N. 
N. E. 



Freciplt«.^ 
tJoa is 

previous 

twenty- 

f cMjr hours 

OticheBK 



J6 



M) 




Trace 





.02 
Traee 

.84 

.02 

.03 

.08 

.22 
Trace 

.10 
Trace 
















Trace 

.01 











.OH 



.16 

.20 
42 
12 

.04 







L 
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Data for Weather Map of the United States (Concluded) 



Place. 



Eureka, Cal 

Red Bluff, Cal 

San Francisco, Cal 

Fresno, Cal 

Los Angeles, Cal . . 
San Diego, Cal 



Pressure in 
inches. 


Tem- 
ture. 


WIND. 


MUes 
per 
hour. 


Direc- 
tion. 


29.96 
29.96 
29.94 
29.98 
30.02 
29.98 


42 
42 

48 
58 
48 
46 


Lt. 
Lt. 

8 
Lt. 

8 
Lt. 


S. W. 

N. 
S. E. 
N. E. 
N. E. 
N. E. 



Precipita- 
tion in 

previous 

twenty- 

fourhours 

(inches). 



218. Pressure of the atmosphere. — Illustrate the prin- 
ciple of the barometer by filling and inverting a tumbler 
or test-tube in a basin of water and lifting it, bottom up- 
ward, to a position like that of the barometer tube in Fig. 
173. Also partly fill, and invert as before. 

Beading the barometer. — The barometer should be 
hung with the tube vertical. In place of the basin shown 
in Fig. 173, it has a smaller cup, called a cistern. The 
cistern has a buckskin bottom, and by means of a screw 
pressing against the buckskin the capacity of the cistern 
can be changed. When a change of air pressure causes 
the column in the tube to grow longer or shorter, the 
surface of the mercury in the cistern is lowered or raised. 
The first procedure in making an observation with the 
barometer is to raise or lower the mercury in the cistern 
by turning the screw until its surface is just at the zero 
of the scale. The height of the top of the column is then 
read by means of the scale at its side, in inches, tenths, 
and hundredths. 

As the height of the mercury column also changes with 
temperature an allowance is made for the difference be- 
tween the temperature of the instrument and 32®, which 
has been adopted as the standard temperature for pressure 
observations. A thermometer is usually mounted close to 
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I 



the biirometei% and its redding givt;^ the temiieratiire uf 
the barometer, Tlie amount of the " cur recti on " is taken 
from a table (see Ward, pp. 113(>-161'), If the table is 
Bot at hand the correction may be compnted with suflfi- 
eient approximation by the formula: 



The correction (in inches) = — 



hif-^ 



in which h is the barometric pressure in inches and t the 
temperature of the barometer in degrees. 

Special instructions for the nnpacking and installation 
of barometers are given by their makers. 

219. Isobars.^The process of drawing kobarB is 8im- 
ilar to that of drawing isotherms and need not be described 
in detaiL The students should actually draw them, be- 
ginning with tabulated pressures, (The pressures are 
given for one day on p. 72; for five days, by Ward, p, 47.) 
It is well to make the first pressure map separate from 
the corresponding temperature map and accent it by shad- 
ing; and afterward combine them without shading. Then 
the winds may be platted on the same sheet, as in Fig. 1 74, 
etc* Lines of study are suggested by the text. The most 
important are the relation of winds to barometric gra- 
dients and to centers of low pressure, the relation of tem- 
peratures to centere of low and high pressure, and thi* 
relation of temperatures to winds. 

Construct the weather map for the following day or 
days and study the changes, espmally the ear^tward drift 
of the great features. 

220. Observation of the wind should include two parts, 
:^ direction and the strength. For direction discriminate 
the four cardinal points and the four intermediate points, 
northwest, southwest, ete. For strength use the follow- 

■ ing scale : 

m 0. Cnhn. 

^^^ L TAghi- just moving the leaves of trees. 
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2. Moderate; moving branches. 

3. Brisk ; swaying branches ; blowing up dust. 

4. High ; blowing up twigs from the ground ; swaying 
whole trees. 

5. Oale; breaking small branches; loosening bricks in 
chimneys. 

6. Hurricane or tornado ; destroying everything in its 
path. 

Note currents high in the air by observing the motion 
of clouds. Often the lower and upper clouds move in 
different directions. The best observations of direction 
are on clouds near the zenith. 

222. Daily weather maps. — Obtain from the Weather 
Bureau in Washington, or from the nearest prediction 
station, the daily weather map as it is issued. Study the 
charted weather day by day, compare each map with the 
preceding to note the movements of cyclones, rain tracts, 
cold waves, etc., and discuss the local weather in relation 
to the broader features of the weather of the country. 

225. Shore and gorge breezes. — If the school is close 
to the ocean or to a large lake, observe the " land and sea '^ 
breezes. This will be possible only in warm, clear weather 
and when the general condition of the air is quiet. Watch 
for a reversal of the wind in the forenoon and again a little 
before or after sunset. 

If the school is near a steep mountain front, or in 
a mountain gorge, a similar daily reversal of the wind 
can be observed. In sunshine the air against the slopes, 
expanded by warming, tends upward and produces a gentle 
current up the slopes. At night, the cool, heavy air 
against the ground flows down the slopes, and accumulates 
in the gorges, through which it often pours with much 
force. 

227. When a thunder-storm approaches, assign to in- 
dividuals or committees the observation and record of dif- 
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ferent features: clouds, their roriiij eolor^ motioD; rain- 
bow; wind, its direction and Btreugth; rain, its quantity, 
size of drops; hail; presBure and pressure changes; tem- 
pera tnres^ by sensation and by thermometer; lightning 
and thunder, comparative strength, time between flaj^h 
and associated peal ; and have the time of each observation 
carefully noted. Afterward have the various records com- 
bined in relation to time, and a histoiy^ of the storm 
written. 
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Chapter XII, The Eaeth^b Maqfetism 



REFEEENCE8 



The Edrih^ a Great Magnet. J, A. Fleming. TerresirUil 
Mug tie turn, vol. ii^. Ko. 3, 1897, A popular diseuission, 
partly historical. 

Mugfteiic Dedimiiion Tables and Isogonic Charts for 

1190^, and Principal Facts relalmg to the Earth's Mag- 
netism. L. A. Bauer. United States Coast Survey, 
1902. A comprehensive treatise. 
SUPPLEMENTABY EXPLANATION 
Beclination^ in the technical sense given it on p. 375^ 
Rounds strangely because of the familiar meaning?, a re- 
fusal to accept. It Ib interesting to note that the original 
si^ificance of the Latin word de^Hnalif} is a turning asides 
so that the students of terrestrial magnetism have merely 

I revived an old meaning. 
laboratory exercises 
237. The declination of the needle* — If a theodolite 
01 transit is availablej make an observation on Polaris to 
petennme the declination of the needle. Adjust ihe in- 
strument and set it up in a convenient place before dark. 
Take special care in leveling it, A faint light held near 
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the object glass of the telescope will illuminate the. croei 
wires after dark. 

The star Polaris is not at the north pole of the sky but 
a little to one side of it in the direction opposite to that 
of the star Alioth. In the constellation popularly known 
as the Dipper the star of the handle which is nearest the 
bowl of the dipper is Alioth. Point the telescope at 
Polaris when Alioth is either directly below it or else has 
the same height at right or left. Then read the direction 
indicated by the compass needle attached to the instru- 
ment. If Alioth is below Polaris, this direction is the 
declination of the needle. If Alioth is at the right, the 
direction is too far to the west; if at the left, too far to 
the east. The correction to be applied varies in amount 
with the latitude of the place, being 1^° in latitude 37° 
and 1^° in latitude 47°. From July to September the ob- 
servation can be most conveniently made with Alioth at 
the left ; from October to December with Alioth below ; 
and from January to March, with Alioth at the right. 

238. Magnet and compass. — To perform the experi- 
ment mentioned in the text it is best to use a straight 
magnet instead of one with the ordinary horseshoe form. 
Such magnets are made of tempered steel. A bar of soft 
iron, if placed parallel to the eartVs axis, derives mag- 
netism from the earth and, if large enough, will control 
a compass needle in similar way. 

239. Compass of iron ore. — Bring a pocket compass 
near to rlifferent parts of a block of magnetic iron ore, 
and find its poles. Its north pole, or poles, will be found 
to attract the south end of the compass needle, and vice 
versa. Place the block in a pan and float it on water. It 
will come to rest in a particular position controlled by the 
earth's magnetism. 
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" Good round baJV^ (p. 279) is quoted from Horace 
Bushnell ; essay on The Sea^ in Moral Uses of Darl' 
Things, 

2B0. Centrifugal force. ^The explanation here given 
of the tides is adapted from G. H. Darwin, who develops 
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the subject very clearly and fully. To understand the 
reasoning of the second paragraph it is important to 
think of the earth as not turning on its axis as it reYolYes 
alx)ut the point A. With rotation and revolution com- 
l)in(>(l it iH not true that ^^ the centrifugal force is the 
same for all parts of the earth/^ The effect of rotation 
in introduced in the next paragraph. 

Spring tides. — If the school is near the sea^ it is well to 
introduce the subject of spring and neap tides. The sun 
produces a ti<le similar to the lunar but smaller. At new 
moon and at full moon the sun and moon act in the same 
direction, and the solar tide is added to the lunar, pro- 
(hicin^ a maxinmm effect, called spring tide. At the first 
(|uarter and third quarters of the moon the directions of 
sun and moon differ by 90°, lunar high tide is combined 
with H(dar h)W ti<le, and vice versa; and there is a mini- 
mum rise and fall called neap tide. 

Words. — Athis, in (ilrcek mythology one of the Titans, 
htocMl at thi^ western extremity of the earth and held up the 
nky. Mis name was afterward given to a mountain sup- 
posed to stand in northwestern Africa; and the ocean 
beyond was caUed Aiianiic (the root form of Atlas being 
A Hani), Magellan, after struggling with storms in pass- 
ing around Cai)e Horn, was delighted to find fair weather 
hi^yond, and named the new-found oceacn Pacific (peace- 
ful). 

LABORATORY EXERCISES 

The nature of the subject renders it difficult to name 
a series of exercises strictly suited to the laboratory. As 
will be seen below, library work is substituted in a num- 
ber of instances. The arranging of this work must de- 
pend upon the diligence of the teacher and the books avail- 
able. As duplicate volumes and maps may not be at h'aiid 
students may be assigned to individual exercises and ex- 
change their materials as needed. If, however, as in 257 
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or others^ several maps can be had, class Bxerci&as can be 
arranged. Very interesting class or laboratory reading 
and discnssions are possible for some of the themes in 
this chapter. Such are The History of Exploration (253), 
Navigation (356), Submarine Cables (357), and Fishing 
(258 J. On several of these themes magazine literature 
is abundant. A eearch of a file of any of the better known 
periodicals will afford such articles. 

240. Study of ocean basina-^Thia will be a practicable 
laboratory exercise when models , with rational profiles, 
are available. For the present, descriptions in books mui^t 
be the chief reliance. See such aeeounts in texts of Tarr, 
Davis^ and Drj^er, and in text- books of geology. Consult 
also encyclopedias, m Atlantic, Pacific^ etc., in Encyclo- 
pmdia Briiminica. In the article Atlantic are several pro- 
files. From these the student may be taught to construct 
others, using scales to give but 5:1, 10:1, or even less 
exaggeration of the vertical. A still more instructive exer- 
cise may he based on the map of the Atlantic in vol. ii 
of Thomsons Ailanlic (opposite title-page). This map 
shows in color the reliefs of the Atlantic basin, and the 
student shnuld write a careful description in his notes. 
Sec also Comparative Study of Atlaniic and Pacific 
Oceans, Semple, Journal School Geography, iii, 121-1^9, 
172-180. 

243. Islands in the ocean.^ — Have the student construct 
profiles from Figs. 195, 196. Soundings are not given, 
hence the relative depths mnst be treated in a general 
wa3^ In 195 we shall have elevated land in the main 
island, shallow water in the lagoon on either hand, low 
land in the barrier reefs, and water on both sides descend- 
ing to great depths; 196 gives a similar profile, without 
high land, and with one central, shallow lagoon. More 
definite rf^sults with Ebon AtolL Mid-Pacific Chart, 
United States Hydrographic Office. In Dana's CoraU 
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and Coral Islands, plate xi, p. 204, will enable the student 
to compare the soundings over, the Bahama reefs, etc., 
with the deeper adjacent waters. Written description. 

244. Properties of sea water. — Dissolve salt in water 
until the water is saturated. The resulting brine corre- 
sponds approximately to that of Great Salt Lake. Mix 
one pint of this brine with six pints of fresh water. The 
mixture corresponds in saltness to sea water. Select some 
object (a block of heavy wood, for example), which will 
barely float in fresh water. Eemove it successively to the 
sea-water mixture and the strong brine and observe how 
much higher it floats on the heavier liquids. Repeat the 
experiment with a block of ice, representing an iceberg. 
On a very cold night expose equal amounts of the three 
liquids in vessels of the same size ; in the morning observe 
the differences in the formation of ice. 

246. Light and color. — Short library study. Search 
any works of ocean travel for good descriptive passages. 

249-250. Tidal observations. — If the sea or a tidal es- 
tuary is near, establish a tide-gauge and make regular 
observations. Choose a spot not reached by large waves 
and, having graduated a board in feet and inches, and 
numbered the foot-marks, fasten it vertically on a wharf 
or pile with the zero below lowest water. Observe the 
height of the water hourly, or as often as convenient, for 
several days, and plat the height as a curve. Then observe 
the times of high water and low water daily and com- 
pare them with the time of the rising of the moon, 
either observing the moon-rise or taking it from an 
almanac. Having learned how much, on the average, 
the tides follow or precede the rising of the moon, predict 
the times of high and low tide for future days and then 
compare observation with prediction. Do the same for 
spring and neap tides, comparing them with full and new 
moons. 




THE OOKAN 

250. To iUu&trate ceEtrifugal force attach a small 
weight to a string a few inches long, whirl it by the string 
in a horizontal circle^ and feel the pnll of the string, 
lieplace part of the string near the hand by a rubber band 
and observe the stretching of the band when the weight 
is whirled. 

25L Ocean currents. — It would be useful for the stu- 
dent to make a careful pencil copy of the map of the At- 
lantic currents^ Fig. 201. For library work see Thomson, 
Depths of the Sea, chapter viii, p. 356, Also, Three 
Cruises of the Blahe, vol. i, chapter xi, p. S41j with map 
(Fig, 174), Compare Franklin's idea of the Gulf Stream 
{ Fig. 173). For a criticism which goes somewhat to the 
other extreme, see The Gulf Stream Myth, Scribner's 
Magazine^ 1903. l^sc al^o P i lis bury 's Onlf Stream. 

252, 253. Sea ice and general exploration* — Library 
exercise. Here use Polar Ex pi orations, such as Hansen's 
Farthest North or GreclyV Three Years of Arcilc Serv- 
ice, Our Fig. 202 is from the latter* Consult Three 
Crimes of the Blahe, Chapter i gives an account of 
equipment; chapter ii gives a historical sketch of deep- 
sea work. The Ailanik\iT\^ The Depths of the Sea, by 
Thomsonj give abundant matcriali>, as also Sigsbee^s Deep- 
Sea Sounding and Dredging. It will interest students to 
be told that the author is Captain Sigsbee, of the old bat- 
tleship Maine. Deposits in the ocean (355) are also 
amply t rented in thcHic volumes. 

25fj. NaTigation. — Study of ocean steamship routes. 
United Statcj^ Pilot Charts, Hydrographic Office. 

257. Submarine cables. — Study and description of the 
cable map of the world, piiblished (25 cents) by the Na* 
tional Geographic Society, Washington, D. C. 
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Chapter XIV, The Meeting of the Lanp and Sea 

REFERENCES 

Sea and Jjand, N. S. Shaler. Scrihner. 

Topographic Features of Lake Shores. G. K. Gilbert. 
In Fifth Annual Report, United States Geological 
Survey. Also in Lake Bonneville, Monograph I, 
United States Geological Survey, 

Seacoast Swamps of the Eastern United States, N. S. 
Slialor. Sixth Annual Report, United States Geolog- 
ical Survey. 

Hrarlies and Tidal Marshes of the Atlantic Coast, Na- 
tional Geographic Monograph V, published as part of 
Physiography of United States, American Book Co. 

The Geological History of Harbors, N. S. Shaler. Thir- 
teenth Annual Report, United States Geological Sur- 
rey. 

Earth Sculpture. J. Geikie. Putnam. Chapter xv. 

Scenery of England. Lord Avebury. Chapter iv. 

Scenery of Scotland. A. Geikie. Chapters on the Scot- 
tisli (Vmst-line. 

Shore-line Topography. F. P. Gulliver. Proceedings of 
American Academy of Arts and Sciences, 34, 351. 

A Model of Seashore Characteristics. G. C. Curtis. Jour- 
nal School Geography, vol. ii, 1898, pp. 215-227. 

The Atlantic (^oast and its Lighthouses. R. E. Dodge. 
Journal School Geography, vol. ii, 1898, pp. 62-66. 

Organization and Methods of the United States Life- 
saving Service. By Sumner F. Kimball, Superintend- 
(»ni of ilie Service. Pamphlet, 33 pp. Government 
Printing OfTioc. 

LABORATORY EXERCISES 

259. Shore-line of Maine. — For this study consult in 
a proliniinnry way any good atlas map of the entire State. 
For Hpeciol study use the Boothbay and Bath sheets. Fig. 
200 is taken from the former. Xote the details lost by 
reduction, such as small islands, minor indentations of 
jlift shore-lino, and the contours. Note the trend of the 
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■l>ayej islands, and mainland ridges^ and consider the loca- 

■ tiioii of Bath and Brunswick, Have the area described 
in the not£*s with as much detail as is permissible. The 
d^rigin of the forms may be discussed^ as in many other 
caseSj both in class and laboratory. On the Coast Survey 
map of this region study the soundings. (For the coast 
survey charts needed in this and subsequent exercises the 
teacher is referred to Davie, King, and Collie's Oovern' 
fnenial Maps in Schools, pp. 46-49, where the most im- 
portant charts are briefly described, the numbers given, 

■ and directions for purchase.) The Caaeo Bay, Small 
Point J and Monhegan sheets will afford further study 
along the adjacent shore-lines. 

■ 260, Shore-line of Massachusetts. — A variety of use- 
ful exercises are possible here, with a supply of maps. 

»The Geological Survey sheets of the entire shore-line of 
the State, with those adjoining on the west and north, 
may be profitably mounted in two or three groups. The 
writer has a northern group as follows: Newburyport, 
Haverhill, Gloucester, Salem^ Lawrence. Boston Bay, Bos- 
ton, Dux bury, Abingdon, Dedham, If the class or division 
is smallj such a grouped map may he used for successive 
study by several stiidontSj the rest meantime being occu- 
pied with other exercises- Or, duplicates may be secured 
of some of the more important i^heets, as Boston Bay ami 
Boston. The roygh shore-line of Cape Ann, compared 
with the long tind smooth Plum Island and Salisbury 

t Beach and the tidal marshes, are points for study. The 
point to which rivers are tidal may be roughly told by 
following them np to where the first contour line crosses 
them. The tide limit woxdd be somewhat below this point. 
On the Boston anrl Boston Bay sheets, take aecoimt of 
much " made " land about Boston, aud study the beaches, 
as Nahant (see also Fig. SOT). Bevnre, Winthrop, Xan bas- 
ket, etc, Xote that some headlands are rocky, m Nahant 
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and Marblehead Neck, while others, as Point Allerton, are 
of glacial accumulation, like the drumlin islands of the 
harbor (Sec. 260). Other details of study will suggest 
themselves to the teacher. 

To the south, the following constitute a good group: 
Provincetown, Wellfleet, Chatham, Yarmouth, Barnstable, 
Nantucket, Muskeget. Duplicates should be had of the 
first two for special study of the forms of the cape. Teach- 
ers desiring to give intensive study to Cape Cod should 
read Geology of Cape Cod, N. S. Shaler, Eighteenth 
Annual Report , United States Geological Survey, part ii, 
and The Outline of Cape Cod, W. M. Davis, Proceedings 
American Academy Arts and Sciences, vol. xxxi, 181)6, 
303-332. 

A southern group includes the following: Plymouth, 
Middleboro, Taunton, Providence, Falmouth, New Bed- 
ford, Fail River, Narragansett Bay, Martha's Vineyard, 
Gay Head. This group gives the rough shore of Buzzards 
Bay, the smooth lines of Martha's Vineyard, and the fiord- 
ed shores of Narragansett. All of these groups are of 
course illustrative of many features of the lands as well. 
The Coast Survey charts should not be overlooked. Du- 
plicates are advised for Martha's Vineyard and Gay Head. 
See Davis, King, and Collie for Coast Survey charts. 
No. 6 is a general chart for New England, with more de- 
tailed maps for special parts of the shore. 

261. New York and New Jersey. — Secure the special 
map. New York and Vicinity, United States Geological 
Survey, 25 cents. From this map a model was made, of 
which Fig. 208 is a photographic reproduction. Coast 
Survey chart No. 8 gives Long Island and New Jersey 
with New York Harbor. Accompanying Volume IV, 
Final Report Geological Survey, New Jersey, on the Phys- 
ical Geography of the State is a relief map, valuable for 
shore-line as well as inland features. Previous exercises 
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^i\l have suggested to the teacher suitable points for the 
student's inquiry; 

363. South Atlantic and Gulf coasts. — Materials, 
grouped sheets of the Chesapeake (p, 50), Coast Survey 
charts (Davis, King, and Collie, p. 48), and for the Gulf 
Coast, Mobile Bay (Coast Survey No. 188) and R. T, 
unit's Pkf/mcul Geography of the Texas Region already 
named. If the delta of the Mississippi has not been stud- 
ied previously it may come in here. {Mississippi River 
Commission Map, and Coast Survey, No. 194^) 

363, Tor the Pacific shore-line the main reliance must 
at present be the Coaat fc^urvey charts^^viz,, San Fran- 
cisco and Monterey Bays (No. 675), and fiords and islands 
of Southern Alaska (ISTo. 8100). 

271-:^?^. Coaat^linea of rising and sinking lands. — The 
principle involved will have been notieed in previous ex- 
ercises, but may well be gathered up and emphasized by 
a special study of the Harvard geographical models if 
they are a part of the equipment. A descriptive pamphlet 
(Boston Society of I^atural History, 35 cents) will fully 
suggest an outline of study. K'o. 1 should be studied first 
and then compared with 2 and 3, noting in detail the 
changes due to upward and downward movements. 

375. Harbors and citieB.^TTie report on harbors, by 
Shaler (see references) will suggest good exercises, being 
fully illustrated with maps, many of them reproduced 
from the Coast Survey, with soundings. 



Chaftbrs XV AFD XVI, The Eauth and OnGANrsHS 

The geographer does not study living forms to learn 
the details of their structure or to perfect himself in their 
classification J but rather to loiow them in a large way as 
related to the earth. The subject is not therefore favor- 
able for distinctive laboratory exercises with the material 
7 
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likely to be available for elementary work. But much may 
be made of supplementary reading, and with this in view 
the references that follow are, so far as possible, corre- 
lated with the sections of Chapters XV and XVI. Short 
essays and abstracts should be prepared and the laboratory 
periods devoted largely to reading, writing, and discus- 
sions. The subjects are among the most important and 
interesting in the entire course and should in no case be 
slighted. 

GENERAL REFERENCES ON ORGANISMS 

Stanford's Compendium of Oeography and Travel. Many 
passages in all the volumes, as Gannett's on the United 
States, Dawson's on Canada, and the volumes relating 
to other continents. 

Nature and Man in America, N. S. Shaler. 

Story of Our Continent. N. S. Shaler. Ginn. 

Man and his Work. A. J. Herbertson. Black. 

The Origin of Species. Darwin. 

Darwinism. A. R. Wallace. 

Distribution of Aiiimals. Heilprin. Appleton. 

Island Life. A. R. Wallace. Macmillan. 

Travels in the Malay Archipelago. A. R. Wallace. Mac- 
millan. 

Zoogeography. Beddard. University Press, Cambridge. 

International Oeography. Mill. Appleton. 

Plant Relations. Coulter. Appleton. 

Animal Life. Jordan and Kellogg. Appleton. 

Chapters or sections on the distribution of animals and 
plants in text-books of zoology and botany. 

Many reports of the United States Department of Agri- 
culture. Details can not be given here, but teachers 
are advised to request of the department that the 
Monthly List of Publications be sent to them. It will 
be forwarded regularly to all interested persons who 
thus apply for it, and without charge. The produc- 
tion of various crops, the importations of new grains 
and fruits, forestry, road-making, and irrigation are 
among the subjects frequently treated in these pub- 
lications. 
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Haves of Man, PescheL AppletoB, 

Applied Geography. J. S. Keltie. George Philip & Sou, 

London. 
The Earth as Modified by Hujnan Action, G, P. Marsh. 

Scribni^r. 
Some Geographic Causes determining the Locution of 

Cities. E. C. Semple. Journal School Geography, i, 

225-231. 
The J our ft al of School Geography and other available 

geographical periodicals will furnish many valuable 

articles in this field. 



SPECIAL REFERENCES AND EXEllCISES ON ORGANISMS 

278. Forests of North America. — Many publications of 
the Bureau of Forestryj United States Department of 
Agriculture, Gannett' s United States, in Stanford'** 
Compendium^ pp. 102-105^ with forest map of United 
States. DawBon's Canada in same series^ several pas^^ages, 
Bee index. Mouniains of California and Our A'ntional 
Paries, both by John Muir and published by Houghton, 
MiMin & Co. Forest Preserves, large volume, with ease of 
maptJ* T went y- first Annual Report United States G^olog' 
ical Survey^ part v, abounds in information as to Western 
forest lands. 

270. Forestry.^ — The latest and best summary is Prac- 
tical Forestry^ by John Gilford, Applet on. Principles of 
forestry well tre^ited, and includes chapter on Petleral and 
State reservations. Schools of forestry are maintained 
at Cornell, Yale, and on the Biltmore estate of I^orth 
Carolina. See on schools, Bidletin American Geographical 
Society, voL x.xxiit, December, 1001, pp. 450-452. Aspects 
of the Earth (Shaler) has a chapter on the forests of 
North America. 

283. Such simple studies of grouping as are suggested 
by Fi^. 222 may be made in field trips near the schooL 
Reek for a similar belting of vegetation on the borders 
of lake or stream, Lily pads^ cattail flagSj wiUowsj and 
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Upland trees will not be an infrequent combination. Let 
the students record fully what they see of plant distribu- 
tion in the home neighborhood. 

Have them study also the influence of the home en- 
vironment on the activities, industries, and routes of man. 
Why is a town or city located at this place? Is there 
water-power to invite manufacture ? Is there a port or a 
navignblo river for commerce by water? Is there a join- 
ing of i»asy routes for travel and land commerce? Is there 
ft croHHiiig of railways in a rich agricultural district? 
What considerfttions have determined the location of roads 
and railways? What are the leading industries, and why? 
What commodities are produced and consumed at home; 
what arc imported; what are exported; and what are the 
rottH(m» ? 

*^H5-;>87. Diitribution of animals, especially in North 
Amerloa. — It will l)e found a useful exercise if the student 
Ihi ankod to make a written description of the distribution 
of oortain forms as shown in the maps (Figs. 226 and 
SJIU). ('onsult all available references. A few of the 
inoro ncci'KHibh* are hero named: Stanford's Compendium 
of Urography, United States, Gannett, pp. 110-117. This 
pftHsnge contains a good account of the buffalo. For Can- 
ada, Koo Stanford's Compendium, Canada, Dawson, pp. 
A4-(57, where the quadrupeds, birds, and fishes are sepa- 
rately treated. 

288-21)5. Conditions of life.— For plants read Coul- 
ter's Plant Relations, especially chaps, xi to xv. 

2I)(). Tendency to spread. — Written descriptions of the 
progress of the English sparrow in the United States, as 
shown in the map (Fig. 236). In Xew England, and par- 
ticularly in Massachusetts, studies of the gipsy-moth will 
be profitable in this connection. 

297. Struggle for existence. — Read and discuss Dar- 
win's chapter on this subject. Origin of Species, chap. iii. 
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2d8-Wd. Migration and barriers. — Consult uuy works 
<yn distribution. Good short diseussioijK in Redway's New 
Masis of Geogntphij, ehap. iv. See ako Darwin, Origin of 
*S pedes, thap. xii. 

30^318 (chap, xvi). Good gem^ral references here are, 
Adams's Comntercial Oeographij {Apple too), and Man 
and his Work, by Herbertson, For the varioiis foodSj par- 
ticularly grains and fruits, eonsult Journal School Geog- 
raphi/ and other periodicalB; also the year-books of the 
Department of Agriculture and Keltie's Applied Oeog* 
raphy, chap, v, " Some Common Commodities,'* The last 
(^ntains a somewhat full account of wheat. The history 
of vfirious grains and fruits may be studied in Willis's 
Practical Flora (American Book Co,). 

In connection with the topics, clothings toolsj shelter, 
and travel, works ou primitive man slmuld be consulted, 
Bueh are E. B. Tylor's Primitive Culture and Early His- 
tory of Manhind; Lubbock's Prehistoric Times; Lyell's 
Antiquity of Man; Tylors Anthropology (more brief and 
popular than his Primitive CuUure) ; and Some First 
Steps in Human Progress., Starr {Flood and Vincent). 
On clothing see also Keltic's Applied Geography ^ chapter 
on Canimon Commodities, pp. 148-1 5 6j giving an account 
of cotton and wooL 

For sections 308 and 309, travel, comnmnication» etc., 
see as follows: Teaching of Geography, Geikie, parts of 
chap, X, history nf roads and postal communications; Great 
Canals of the World, Journal Geography^ February, ll)DS, 
p. 122; Suhmarint and Land Telegraphs of the World, 
Journal Geography, September, 1902, p. 317. The good 
toads movement and the progress of rural free delivery 
are set forth in recent publications of the Department of 
Agriculture (see year-books and monthly list of publica- 
tions). 

The teacher can now find considerable materinl dealing 
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with geography in its relations to American history. Note 
the following : 

Histories of Parkman and John Fiske. Both authors are 
keenly appreciative of the dependence of man's life 
upon the physical characters of the land which he was 
finding and subduing. 

Winning of the West. Theodore Eoosevelt. 

Nature and Man in North America, Shaler. 

Story of Our Continent. Shaler. 

Southern Appalachians, by Hayes, and Southern New 
England, by Davis, National Geographic Monographs, 
deal mainly with land forms, but close with good ac- 
counts of human relations. 

Eastern Gateway of the United States. A. P. Brigham, 
in Journal School Geography, vol. iv, p. 127, and Geo- 
graphical Journal, May, 1899 {Physiography and His- 
tory of Mohawk Valley). 

The Shenandoah Valley and the Civil War. F. V. Emer- 
son. Journal School Geography, vol. v, 1901, p. 208. 

Influence of the Appalachian Barrier upon Colonial His- 
tory. E. C. Semple. Journal School Geography, vol. 
i, p. 33. 

Some Geographic Causes determining the Location of 
Cities. Semple. Journal School Geography, vol. i, 
p. 225. 

MISCELLANEOUS EXERCISES 

It may be again suggested that few teachers will find 
time or materials for all the practical exercises and sup- 
plementary readings suggested for the several chapters. 
On the other hand, valuable exercises, not in the list, will 
be devised, and some may profitably embrace features 
treated in several parts of the text. A few such are sug- 
gested below: 

Map of school or other grounds, using compass for 

direction and pacing for distances. 
Written descriptions of local geography. 
Contoured maps made from models. 
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Models in sand, clay, plaster, or cardboard, made 
from contoured maps. 

Hachured maps drawn from contoured maps. 

Description of country from selected sheets of 
United States Topographic Atlas. Many of these 
have been named for special exercises. All these 
and any others can be used for the more general 
study and written descriptions here intended. 

Descriptions of features shown by Harvard geo- 
graphical models, or other models which may 
be available. 



PRONUNCIATIONS 



Kby.— &le, senate, ftin, ftrm, ask, finjl, all; §ve, gvent, 6nd, fern, 
recfint; Ice, HI; old, 6bey, 6rb, 6dd; Qse, Snite, ilp; food, fdbt; outi 
oil; ehsir; go; yes. 



Agassiz (fig'a-se). 
agaye (*-gfi'vl). 
agua (a'wft). 

anemometer (&n'§-m5m'g-tSr). 
Arapahoe (a-rftp'a-ho). 
arroyo (&r-roi'6). 
Artois (ftr'twft'). 
Aosable (o-sft'bl). 
bayou (bi'iF ). 
Bedouin (b5d'db-In). 
Bonneville (bfin'fi-vll). 
butte (bat). 
Calais (Me.) (kftl'Is). 
Caracas (kft-r&'k&s). 
Chelan (che-l&n'). 
cienaga (se'Sn-&'g&). 
cirrus (sir'riis). 
cotidal (k6-tid'al). 
coulee (kdo-lft'). 
crevasse (krS-vas'). 
cumulus (kii'mG-liis). 
Diablo (de-ab'lo). 
fiord (fy6rd). 
Furca (fo^r'kS). 
Geikie (ge'kl). 
glacier (gla'shgr). 
Gloucester (gl5s't§r). 
gradient (gra'dl-gnt). 
Guadeloupe (ga'da-loop'). 
hachure (h&ch'Gr). 
Hawaii (ha-wi'e). 
Himalaya (him-S'la-ya). 
isobar (I's^-bftr). 
isogonic (i's6-g8n'ic). 
isotherm (i's6- therm). 
Kilauea (ke'lou-a'fi). 
Krakatoa (krft'kft-to'a). 
Lipari (llp'a-re). 



Llano Estacado (lyft'no gs-tft-ka'do). 

loess (les). 

Magellan (m^-jgl'^n). 

Malpais (m&l'pis). 

Manitoba (m&n-i-to-bft). 

Mazama (ma-zfi'mA). 

Mercator (mer-ka't6r). 

mesa(m5's&). 

moraine (m6-ran'). 

moutonn^e (m6o-t5n-na'). 

Navajo (nS'va-ho). 

Pel6e (pgl-a'). 

Piedmont (ped'mftnt). 

placer (pl&s'er). 

playa (plft'yA). 

Pompeii (p5m-pa'ye). 

Puget (pu'jgt). 

rio (re'6). 

Saguenay (s«g'g-na). 

Samoyed (s&m'oi-gd). 

San Juan (sftn hob-fin'). 

San Luis Rey (sfin Idb-es' rfi). 

Santa Catalina (sSn'ttt kfi-tft-le'na). 

Santa Maria (san'tfi ma-re'&). 

Sawatch (sH-w&ch). 

Soufriere (sdo-fri-ar'). 

strata (stra'ta). 

Strom bol i (strftm 'bo-le). 

Tahiti (ta-hg't§). 

talus (ta'liis). 

tepee (te'pe). 

Tibet (ti-bgf). 

tundra (tdbn'dra). 

Uncompagre (iin'cSm-pa'grfi), 

vlei (vli). 

Watchung (wft-chiing'). 

Wasatch (wft'sftch). 



INDEX 



Adirondaoks, 54. 

Alioth, 80. 

Alleghany plateau, 65. 

AnimalB, distribution, 92. 

Appalachian Mountains, 55. 

Apparatus, 8; for weather observa- 
tions, 61 ; to illustrate goi^e devel- 
opment, 28. 

Atmosphere; suggestions on Chapters 
X and XT, 60. 

Barometer, 61, 76. 

Books, 2, 7. (See also Beferencet.) 

Boulders, 46, 46. 

Buildings, weathering of, 87. 

Cables, submarine, 85. 

California, mountains and valleys, 54. 

Centigrade degrees, conversion of, 69. 

Centrifugal force, 81, 85. 

Clinometer, 28. 

Clouds, 66, 68. 

Coastal plain, 50. 

Coasts, 86. 

Colorado plateaus, 58. 

Compass, magnetic, 80. 

Contour maps, 21. 

Crater lake, 59. 

Crystalline rocks, 17. 

Currents, ocean, 85. 

Curvature of the earth, 18, 18. 

Day and year, 22. 
Declination of the needle, 79. 
Degree, length of, 16. 



Deltas, 81. 

Density of the earth, 17. 

Dew, 68. 

Distribution of auimaln, 92. 

Divides, 29. 

Drainage types, 82. 

Drift, 45. 

Drurnlins, 48. 

Dunes, 40. 

Earth ; suggestions on Chapter 1, 18. 

Earth and organisms ; suggestious on 
Chapters XV and XVI, 89. 

Earth and sun ; suggestions on Chap- 
ter II, 21. 

Earth^s magnetism, 79. 

Eclipse of the moon, 18. 

Ellipse, 28. 

Equinoxes, 22. 

Equipment of the school, 8 ; of the 
teacher, 1. 

Eskers, 47. 

Etymologies, 48, 62, 58, 66, 79, 82. 

Excursions, 10. (See also Laboratory 
exercises A 

Explanations, by chapters : the earth, 
18; the earth and sun, 82; rivers, 
26; weathering and soils, 84; gla- 
ciers, 42 ; mountains and plateaus, 
52; volcanoes, 58; atmosphere, 62; 
earth^s magnetism, 79 ; ocean, 81. 



Feldspar, 87. 
Field work. 



(See Laboratory exer- 
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Flood-plains, 30. 
Forests, 91. 

Gorge, 27. 
Gorge breezes, 78. 
Gonier glacier, 48. 
Gulf coast, 89. 
Gulf Stream, 85. 
Glaciers, 41. 
Granite, 87. 
Graphic records, 70. 
Great Basin, 68. 
Green, H. J., 62. 
Greenland ice-sheet, 44. 

Harbors, 89. 

Howell, Edwin £., 4, 5. 

Humidity, 62. 

Ice, arctic, 85. 

Islands, oceanic, 88. 

Isobars, 77. 

Isotherms, 71. 

Instruments. (See Apparatus.) 

Interpolation, 19, 71. 

Karnes, 47. 

Laboratory equipment, 8. 

Laboratory exercises, 10 ; on the earth, 
18; on the earth and sun, 28; on 
rivers, 27 ; on weathering and soils, 
35 ; on wind work, 39 ; on glaciers, 
48 ; on plains, 50 ; on mountains and 
plateaus, 53 ; on volcanoes, 58 ; on 
the atmosphere, t>7 ; on the earth's 
magnetism, 79; on the ocean, 82; 
on the meetinor of land and sea, 86 ; 
on organisms, 91 ; miscellaneous, 94. 

Lake filling, 31. 

Lake plains, 51. 

Lakes, 49. 

Land and sea breezes, 78. 

Lantern and views, 4. 

Latitude and longitude, 14, 18, 19. 

Lava sheets, 59. 

Life, 89. 

Limestone, 36. 

Longitude, 16, 18, 19. 



McAllister, T. H., 4 

Magellan's expedition, 14. 

Magnet and compass, 80. 

Magnetism of the earth, 79. 

Maine shore-line, 86. 

Man, 89. 

Mapping of the weather, 62, 71, 77. 

Map projections, 65. 

Maps, 5, 94; how to obtain, 5; con- 
tour, 21 ; blank, for weather work, 
62. 

Marble, 86. 

Massachusetts shore-line, 87. 

Matterhorn, 57. 

Meanders, 80. 

Meeting of land and sea, 86. 

Migration, 92, 93. 

Minerals, 86, 87. 

Mississippi Kiver, 88. 

Models, 5. 

Monuments, weathering of, 37. 

Mountains and plateaus, 52. 

Navigation, 85. 

New Jersey shore-line, 88. 

New York shore-line, 88. 

Observation of the weather, 67, 69, 76, 

77,78; of tides, 84. 
Ocean, 81. 
Orbital dates, 22. 
Organisms, 89. 

Pacific shore-line, 89. 

Photographs, 4, 43. 

Physical geography, position in school 

course, 11. 
Pictures, 4, 7 ; of rocks, 34. 
Plains, 41. 
Plateaus, 52. 
Pole-star, 22, 79. 
Prairies, 51. 

Pressure of the atmosphere, 76. 
Projections, 65. 
Pronunciations, 96. 

Quartz, 35. 
Queen and Co., 62. 
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Refereuces, general, 7 ; on the earth, 
13; on the earth and sun, 21 ; on 
rivers, 25 ; on weathering and soils, 
34 ; on wind work, 39 ; on glaciers, 
41; on plains, 49; on mountains 
and plateaus, 52 ; on volcanoes, 57 ; 
on the atmosphere, 60; on the 
earth ^s magnetism, 79 ; on the ocean, 
81 ; on the meeting of land and sea, 
86 ; on organisms, 90-94. 

River plains, 51. 

Rivers, 25. 

Rocks, 17, 34. 

Rocky Mountains, 53. 

Rotation and winds, 66. 

Sand, blown, 39. 
Sandblast, 40. 
Sandstone, 35. 
School, equipment of, 3. 
Sea, 81. 
Seasons, 24. 
Sea water, 84. 
Shale, 36. 
Shasta, Mount, 58. 
Shore breezes, 78. 
Shores, 86. 
Slides, lantern, 4. 
Soils, 34. 
Solstices, 22. 
Specimens, 7, 38. 
Spring tides, 82. 
Standard time, 28. 



Striae, glacial, 46. 
Struggle for existence, 92. 
Suggestions, by chapters, 18. 
Summer schools in geography, 8. 
Supplementary explanations. (See 
JSxplanaHons.) 

Teacher, equipment of, 1. 
Temperature of atmosphcMv, 63. 
Temperatures, subterranean, 17. 
Terrestrial magnetism, 79. 
Thermometers, 61, 62, 69. 
Thunderstorms, 78. 
Tides, 81, 84. 
Time, standard, 23. 
Topics, order of, 11. 

Volcanoes, 57. 

Waste mantle, thickness of, 38. 
Waterfalls, 30. 

Weather maps, 62, 78 ; data for, 72. 
Weather observations, 67, 69, 76, 77, 

78. 
Weathering and soils ; suggestions on 

Chapter IV, 34. 
West India eruptions, 59. 
Wind gage, 61, 69. 
Wind observations, 77. 
Wind vane, 61. 
Wind work, 39. 

Winds, deflection by rotation, 66. 
Words, origin of technical, 48, 52, 58, 

66, 79, 82 ; pronunciations, 96. 
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TWENTIETH CENTURY TEXT^BOOKa 



A Text-Book of Geologry. 

By Professor Albert Perry Brig ham, of Colgate Uni- 
versity. 477 Pages. 295 Illustrations. lamo. Cloth, $140. 

This superb text-book is the best account for secondary 
schools of the earth's marvelous origin, of the processes that 
brought the ordered world out of chaos, and of the phenomena 
of geologic evolution- — considered dynamically^ structurally, and 
hiBtorically. The planet's life history is told with directness, 
brevity J and pedagogic fitness. The text is supplemented with 
295 exquisite photographic illustrations, many taken by Professor 
Brigham for this work. An exceptional success in text-book 
writing and text- book making* 

** Brighara's Geology is the clcAneat cut and best pedago^cal text- 
book for the high school that I have seen*" — C, //, Rukardi^n, 
Hanover, N, //. 

" Most interesting. Decidedly the most practical book that I 
have seen for use in high schook."^ — Miss S. A. Edwurds, Fhiladeiphia 
Nigh S^k^lf^r Girls, 

I consider it the best written and best illustrated book I have ever 
seen for secondary schools/*— C A Warner, A/frkanks Arts f/igh 
Sckifel^ Springfield^ Mass. 

"The most attractive text-book of Geology for secondary schools* 
that I have seen. The illust rations are a delight." — Bellt SA^rmmit 
Ithaca High Sc^oi, Hhaca, h\ Y, 

** It is magnificent. I consider it superior to any other book of the 
kind in illustrations, text> and adaptation to field work." — Mrs. /.. L, 
W, WitsGH, Pkiiadelpkia Ntftmal Schn&L 

"In every way fully equal to any of the splendid series of Twen- 
tielb Centurv Text Books. Many of the ilhistr^tions are new and 
their execution is perfect."— j¥, /. Schifdt, Proftssi^r of Gei^hg}\ 
FrankHn and Marshall ColUge, Lancaster, Pa, 
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